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FOREWORD 


The  reports  contained  in  this  document  were  prepared  jointly  by  Conoco 
Coal  Development  Company  and  Stearns-Roger,  Incorporated  as  Partial 
fulfillment  of  the  Department  of  Energy  contract  (EX-76-C-01-1734J  tor 
the  development  of  CO,  Acceptor  Gasification  Process,   ^^ch  report 
normally  covers  the  operation  of  the  CO  Acceptor  Process  Pilot  Plant 
for  a  single  run.   Some  runs,  however,  have  several  parts  (A,  B,  L, 
etc.)  and  occasionally  two  or  more  runs  have  been  grouped  together  in  a 
single  report. 

The  reports  are  informal  data  reports  which  were  written  shortly  after 
the  completion  of  the  respective  runs.   The  reports  serve  the  purpose  of 
recording  the  objectives,  accomplishments,  and  problems  encountered 
during  the  pilot  plant  operations.   Operating  data  are  also  often  pre- 
sented.  However,  these  data  are,  for  the  most  part,  presented  as  a 
matter  of  record  since  the  inclusion  of  heat  and  material  balances  and 
the  analysis  of  the  data  was  not  part  of  the  scope  of  the  run  reports. 

Prior  to  Run  16,  no  periods  of  truly  steady-state  integrated  plant 
operation  were  obtained  for  which  heat  and  material  balances  can  be  cal- 
culated. The  development  of  a  reliable,  standardized  startup  procedure, 
the  solving  of  process  and  especially  mechanical  equipment  problems, 
were  the  primary  concerns  during  these  early  runs. 

Much  needed  process  data  at  steady-state  conditions  were  gathered  during 
the  later  runs.  Detailed  heat  and  material  balances  for  selected  runs 
are  presented  in  Volume  12  of  the  Final  Report.  Some  discrepancies  will 
be  found  between  the  data  presented  in  the  run  reports  and  the  heat  and 
material  balance  results.   For  example,  the  acceptor  circulation  and 
gasifier  vent  rate  presented  in  many  of  the  run  reports  do  not  agree 
with  the  heat  and  material  balance  values. 

The  run  report  acceptor  circulation  rates  are  based  upon  the  acceptor 
lift  line  pressure  drop  and  are  considered  to  be  only  an  approximation 
of  the  actual  acceptor  circulation  rate.  The  pressure  drop  derived  cir- 
culation rate  served  as  a  guide  to  the  plant  operators  and  provided 
trend  information.   Because  of  the  severe  temperature  and  pressure 
conditions  in  the  process,  the  acceptor  circulation  and  also  the  fuel 
char  rates  cannot  be  directly  measured.  These  rates  can  only  be  ac- 
curately determined  via  detailed  heat  and  material  balance  calculations. 
A  mathematical  model  of  the  process,  which  is  embodied  m  the  form  ot  a 
computer  program  was  therefore  developed.   The  model  values  for  the 
acceptor  circulation  and  the  fuel  char  rates  are  presented  m  the  de- 
tailed heat  and  material  balances.  These  rates  are  considered  to  be 
correct. 
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The  measured  gasifier  vent  rates  (product  gas  rates)  contained  in  the 
run  reports  are  generally  lower,  and  often  much  lower,  than  the  mathe- 
matical model  values.   There  are  several  reasons  for  this.   F-irst,  pro- 
cess flow  measuring  instrumentation  was  often  fouled  by  the  small  amounts 
of  char  fines  and  liquid  water  contained  in  the  vent  gases.   Secondly, 
undetected  process  leaks  from  valve  packings  and  from  vessel  and  piping 
flanges  represent  sizable  losses  in  the  available  vent  gas  quantity  to 
be  measured.   The  actual  vent  gas  from  the  gasifier  is  better  repre- 
sented by  the  mathematical  model  value  than  by  the  measured  value. 

The  above  examples  point  out  that  consideration  must  be  given  and  judge- 
ments made  concerning  the  use  of  certain  process  data.   The  philosophy 
with  respect  to  data  analysis,  has  been  to  use  the  mathematical  model  to 
match  as  much  as  possible  the  measured  process  data.   Differences  be- 
tween the  model  results  and  the  measured  data  are  resolved  by  the  re- 
examination of  instrument  records  and  the  pilot  plant  logs  or  by  mod- 
ifying the  model  where  necessary. 
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CO^  ACCEPTOR  PROCESS  GASIFICATION 
PILOT  PLANT 
RAPID  CITY,  SOUTH  DAKOTA 


SUMMARY 


Run  37,  which  was  conducted  in  two  parts,  was  the  first  time  that 
a  subbituminous  coal  was  used  as  a  feedstock  in  an  integrated  plant 
operation.   The  run  featured  Rosebud  coal  as  a  gasifier  feedstock. 

Run  37A  was  notable  in  two  respects.  Most  important,  there  was 
no  evidence  of  coke  formation  due  to  the  feeding  of  raw  subbituminous 
coal,  confirming  the  idea  that  pretreatment  will  not  be  required.  The 
other  notable  occurrence  was  the  generation  of  a  large  amount  of  coal 
fines  in  the  feed  to  the  gasifier.   The  grinding  properties  of  the  Rose- 
bud coal  were  such  that  the  amount  of  fines  in  the  coal  leaving  the  pre- 
heater  averaged  more  than  20  weight  percent  -100  Tyler  mesh.   Normally, 
for  a  lignite  feedstock  the  -100  mesh  material  averages  less  than  10 
weight  percent. 

After  about  39  hours  of  operation  with  Rosebud  coal  as  a  gasifier 
feedstock,  the  run  suddenly  ended  after  a  boot  upset  caused  the  loss  of 
acceptor  circulation  from  the  gasifier  to  the  regenerator.   When  circu- 
lation could  not  be  reestablished,  the  plant  was  shut  down. 

In  the  second  run,  37B,  the  mill  was  altered  to  produce  a  coal  feed 
which  contained  about  10  weight  percent  of  -100  mesh  material.  This  run 
lasted  over  three  times  as  long  as  the  previous  run,  logging  113  hours 
of  operation  with  Rosebud  coal  as  the  feedstock.  The  run,  which  was 
terminated  by  a  four-hour  power  failure,  lasted  long  enough  to  reveal  an 
accumulation  of  intermediate  fines  in  the  gasifier  char  bed.  These  fines, 
which  are  thought  to  have  contributed  to  considerable  instability  of  the 
char-acceptor  interface  during  the  last  27  hours  of  the  run,  were  shown 
to  have  originated  in  the  coal  feed.   Some  of  the  fines  were  caused  by 
contamination  of  the  Rosebud  coal  pile  during  storage  at  the  local  power 
plant.   Slag  from  the  power  plant's  cyclone  burners  was  mixed  with  the 
stored  coal.  The  rest  of  the  junk  came  from  the  Rosebud  coal  ash  which 
was  found  to  contain  large  quantities  of  clay-like  particles  and  a  high 
proportion  of  +80  Tyler  mesh  material. 
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3    SIGNIFICANT  EVENTS  AND  OBSERVATIONS 

3.1    TABULAR  HISTORY  OF  RUNS  37A  AND  378 

3.1.1  Objectives  for  Both  Runs 

(1)  Demonstrate  plant  operability  using  a  new  coal  feedstock  (Rosebud 
subbituminous) . 

(2)  Achieve  a  long  duration,  steady-state  period  during  which  heat 
and  material  balance  data  could  be  collected. 

(3)  Operate  the  methanation  unit  to  produce  pipeline  quality  gas. 

(4)  Operate  the  Elliott  test  turbine. 

(5)  Follow  the  balance  period  with  a  voluntary  and  planned  shutdown 
of  the  plant. 

3.1.2  Accomplishments 
Run  37A 

(1)  Operated  the  pilot  plant  in  an  integrated  manner  and 
replaced  a  sufficient  amount  of  the  initial  dead-burned 
dolomite  inventory  with  fresh  limestone  to  allow  removal 
of  all  air  from  the  gasifier. 

(2)  Operated  the  plant  for  15  hours  with  all  recycle  gas 
removed  from  the  gasifier  boot  flow.   During  this  period, 
the  only  feeds  to  the  gasifier  were  Rosebud  subbituminous 
coal,  Minnekahta  limestone,  steam  and  a  small  amount  of 


CO   (1,000  SCFH). 


Run  37B 


(1)  Operated  the  pilot  plant  in  an  integrated  manner  and 
replaced  a  sufficient  amount  of  the  initial  dead-burned 
dolomite  inventory  with  fresh  limestone  to  allow  removal 
of  all  air  from  the  gasifier. 

(2)  Operated  the  plant  for  over  32  hours  with  no  recycle  to 
the  gasifier  boot. 

(3)  Survived  a  major  boot  upset  during  which  the  char-acceptor 
interface  was  blown  away  to  prevent  it  from  rising  into 
the  transition  zone.  Within  two  hours  of  the  upset,  the 
plant  was  back  on  line. 


(4)     Operated  the  methanation  unit  for  22  hours  before  the 

boot  upset.   After  the  upset,  the  unit  was  not  put  back 
on  line. 

3.1.3  Termination  Causes 

Run  37A 

The  run  ended  as  a  result  of  a  gasifier  boot  upset  during 
which  the  acceptor  collected  in  the  transition  section  and  de- 
fluidized.  This  caused  the  loss  of  acceptor  transfer  from  the 
gasifier.   It  was  hypothesized  that  the  boot  upset  was  due  to  the 
entrapment  of  fine  coal  particles  from  the  Rosebud  feedstock  in 
the  transition  section  of  the  gasifier.  The  showering  acceptor 
trapped  the  fine  char  particles  which  then  formed  a  solids  bridge 
at  the  inlet  to  the  boot. 

Run  37B 

A  violent  thunderstorm  with  heavy  rains  and  high  winds 
caused  an  electric  power  failure  which  lasted  for  four  hours. 
Power  failures  lasting  longer  than  two  seconds  cause  the  gasifier 
and  regenerator  beds  to  defluidize.   It  is  not  usually  possible 
to  lift  them  back  up  after  power  is  regained. 

3.1.4  Mechanical  Problems 
Run  37A 

Only  minor  mechanical  problems,  all  of  which  were  lo- 
cated in  the  grinding  area,  were  encountered  during  this  run. 
The  problems  included  a  conveyor  belt  control  circuit  failure, 
a  crack  in  the  baghouse  blower  discharge  piping,  and  problems 
with  the  variable  speed  roller  mill  feeder.  The  raw  Rosebud 
coal  was  very  wet,  causing  a  large  number  of  plugged  lines  in 
the  grinding  area. 

Run  37B 

(1)  High  pressure  differential  on  the  baghouse  due  to  buildup 
on  the  inside  of  the  bags.  The  problem  was  solved  by 
changing  bags. 

(2)  The  spool  piece  above  LCV-2003  had  loose  refractory. 

A  piece  of  this  refractory  broke  free  and  settled  on  top 
of  the  LCV-2003  butterfly,  restricting  the  acceptor 
circulation.   The  restriction  wa';  discovered  during  the 
circulation  tests.  The  gasifier  was  then  depressured, 
cooled,  emptied,  and  the  refractory  repaired. 


(3)  The  main  air  compressor,  J-202,  was  shut  down  for  repairs 
for  a  total  of  six  hours  early  in  the  second  startup 
attempt.   The  rings  in  the  third  stage  discharge  were 
replaced,  as  were  the  second  and  third  stage  suction 
valves. 

(4)  The  line  from  the  regenerator  ash  dump  hopper,  F-207C, 
to  the  slurry  tank,  F-223,  plugged  every  time  the  hopper 
was  dumped.   This  was  caused  by  water  from  the  slurry 
tank  being  splashed  into  the  line  by  the  mixer.   This 
problem  became  quite  a  nuisance,  as  it  was  necessary  to 
dump  the  hopper  at  least  twice  a  shift.  Also,  unplug- 
ging the  line  enabled  noxious  gases  to  escape  into  the 
structure  from  the  slurry  tank.   This  problem  will  be 
eliminated  in  future  runs  by  routing  the  ash  from  F-207C 
to  a  tote  bin  outside  the  main  entrance. 

(5)  During  the  shutdown  a  leak  was  discovered  in  a  gasifier 
side  flow  heater.   Inspection  after  shutdown  revealed 
cracks  in  the  convection  section  of  this  heater,  B-201-I1IB, 
The  coil  will  be  bypassed  until  a  new  one  can  be  fabri- 
cated and  installed. 

3.1.5  Process  Problems 

Run  37A 

The  gasifier  char  bed  samples  (Table  37-11)  revealed  a 
much  higher  than  normal  level  of  -100  mesh  material  in  the  bed. 
The  high  amount  of  fines  in  the  bed  was  caused  by  the  presence 
of  an  excessive  amount  of  -100  Tyler  mesh  material  in  the 
Rosebud  coal  fed  to  the  gasifier.   The  feedstock  fines  averaged 
over  twenty  weight  percent  -100  mesh  material,  while  normally 
for  a  lignite  feedstock  the  -100  mesh  material  averages  less  than 
ten  percent. 

Run  57 B 

During  this  run  the  amount  of  -100  mesh  material  in 
the  Rosebud  feed  to  the  gasifier  was  kept  well  below  ten  percent. 
This  eliminated  the  buildup  of  -100  mesh  material  in  the  char  bed 
and  enabled  the  plant  to  run  far  longer  than  in  the  previous  run. 
This  longer  run  revealed  two  new  process  problems: 

(1)     The  density  in  both  the  regenerator  bed  and  the  bottom 
of  the  gasifier  boot  dropped  much  lower  than  usual . 
The  densit>  ±n   the  bottom  of  the  boot  became  as  low  as 
62  LB/FT  before  the  boot  upset.  After  the  upset,  the 
density  in  the  regenerator  and  the  bottom  of  the  boot 
was  about  58  LB/FT  ,  far  lower  than  the  normal  range  of 
65  to  68  LB/FT  for  the  lignite  runs. 


(2)     Junk*  continually  built  up  in  the  gasifier  char  bed 

causing  a  somewhat  higher  than  normal  char  bed  density. 
The  junk  consisted  of  agglomerated  acceptor  fines  and 
clay-like  particles  from  the  coal  ash.   The  combination 
of  high  junk  and  low  acceptor  density  made  the  gasifier 
char-acceptor  interface  very  difficult  to  control  and 
caused  the  major  boot  upset  on  June  13,  as  well  as  many 
minor  upsets  from  June  12  to  the  end  of  the  run  on 
June  14. 


3.2 


CHRONOLOGY  OF  OPERATIONS 


Run  37A 

Hours 

Date 

Time 

1320 

Run 

5/21 

II 

1615 

II 

1700 

II 

1930 

II 

2200 

II 

2350 

5/22 

0330 

II 

1130 

II 

1900 

11 

2100 

II 

2300 

5/23 

0230 

II 

0600 

II 

0850 

11 

0917 

1700 

2000 
2045 


Description 

Pressured  the  system  with  air. 
System  up  to  pressure,  started  the  static 
pressure  test. 

Finished  the  static  pressure  test. 
Started  all  recycle  compressors. 
Started  the  heater  differential  pressure  tests. 
Finished  the  heater  differential  pressure 
tests.   Lit  all  heaters. 
Started  the  first  refractory  cure  holding 
period. 

Finished  the  refractory  cure  holding  period, 
continuing  with  system  lieatup. 
Started  the  second  refractory  cure  holding 
period. 

Started  grinding  Rosebud  subbituminous  coal 
for  the  preheater. 

Finished  the  second  refractory  cure  holding 
period,  continued  with  system  heatup. 
Zinc  oxide  units  placed  on  line. 
Began  feeding  dead-burned  dolomite  to  the 
gasifier  via  F-204A,  lignite  feed  lockhopper. 
Transferred  a  batch  of  dead-burned  dolomite 
from  the  gasifier  to  the  regenerator. 
Started  feeding  dead-burned  dolomite  to  the 
regenerator  via  F-206,  fresh  limestone  feed 
lockhopper. 

Stopped  grinding  Rosebud  coal  and  started 
grinding  char. 

Established  solids  circulation. 
Resumed  grinding  Rosebud  coal  for  tfie  preheater. 
NOTE:   The  coal  was  very  wet  and  some  diffi- 
culty in  grinding  was  experienced. 


Inert  material  in  the  size  range  of  20  x  65  Tyler  mesh, 


Date 


5/23 


5/25 


Time 


2115 


Hours 
Run 


II 

2130 

II 

2247 

5/24 

0140 

M 

0345 

II 

0410 

0545 


II 

0745 

II 

0850 

II 

1643 

II 

2110 

II 

2115 

II 

2120 

1158 


II 

1540 

II 

2400 

5/26 

0715 

"      1050 

"      1100 

5/27    0400 


30.8 


46.4 


Description 

Started  the  solids  circulation  test.  Stopped 
feeding  dead-burned  dolomite  makeup  to  the 
regenerator. 

Circulation  tests  finished,  resumed  dead-burned 
dolomite  makeup. 

Started  feeding  char  to  the  gasifier  via 
F-204A. 

Introduced  air  to  the  gasifier  side  flow  ring. 
Initiated  steam  flow  to  the  gasifier  boot. 
Preheat er  full  of  Rosebud  coal,  stopped 
grinding. 

Started  feeding  auxiliary  char  to  the  regen- 
erator. 

Char  transfer  established. 
Regenerator  at  1800°F. 

Began  feeding  Rosebud  subbituminous  coal 
to  the  gasifier  via  F-204A. 
Initiated  CO^  to  the  gasifier  boot. 
Started  grinding  Rosebud  coal  for  the  preheater. 
Began  feeding  fresh  limestone  to  the  regen- 
erator via  F-206. 

All  air  removed  from  the  gasifier  side  flow 
ring. 

All  recycle  gas  out  of  the  gasifier  boot. 
Had  difficulty  grinding  coal  due  to  plugging 
in  the  feeder  to  the  roller  mill  and  a  high 
baghouse  differential  pressure. 
Unable  to  shower  acceptor  from  the  gasifier 
bed  into  the  boot.  Stopped  all  solids  makeup  and 
solids  transfer.  Tried  to  mix  up  gasifier 
bed  by  increasing  boot  and  side  flows. 
Decision  made  to  shut  down  plant  operation. 
Shut  down  grinding  area  operations. 
Unit  depressured. 


Run  378 


6/3 


1625 


II 

1705 

II 

1847 

M 

1932 

1! 

1951 

2025 


Started  grinding  Rosebud  subbituminous  coal 

for  the  preheater. 

Pressured  up  the  system  with  air. 

System  up  to  pressure,  started  the  static 

pressure  test. 

Finished  the  static  pressure  test. 

Started  all  recycle  compressors  and  began 

circulating  gas. 

Lit  all  heaters. 


II 

2350 

II 

2400 

/4 

0245 

II 

1400 

II 

1600 

II 

1830 

II 

2145 

/5 

0100 

II 

0300 

Hours 
Date    Time      Run  Description 

6/3     2345  System  at  250°F,  started  the  first  refractory 

cure  holding  period. 

Started  the  heater  differential  pressure  tests. 
NOTE:   100  area  grinding  was  slow  due  to  a 
high  baghouse  differential  pressure. 
Finished  the  first  refractory  cure  holding 
period  and  continued  with  the  system  heatup. 
System  at  700°F,  started  the  second  refractory 
cure  holding  period. 

Finished  the  second  refractory  cure  period, 
continued  with  system  heatup. 
Zinc  oxide  unit  placed  on  line. 
Started  feeding  dead-burned  dolomite  to  the 
gasifier  via  F-204A,  fresh  lignite  feed  lock- 
hopper. 

Transferred  a  batch  of  dead-burned  dolomite 
to  the  regenerator  from  the  gasifier. 
Started  feeding  dead-burned  dolomite  to  the 
regenerator  via  F-206,  fresh  acceptor  makeup 
lockhopper . 

"      0950  Started  solids  circulation. 

NOTE:   Unable  to  establish  a  high  rate  of  circu- 
lation.  Restriction  apparently  near  LCV-2003. 

"      1430  Unable  to  clear  plug  near  LCV-2003,  shut  unit 

down. 

"      1500  Analysis  of  material  in  preheater  showed  high 

fines.   Decided  to  drain  the  preheater. 

"      1555  Zinc  oxide  unit  taken  off  line. 

6/6     0530  Unit  depressured. 

NOTE :   Found  the  spool  piece  above  LCV-2003 
with  loose  refractory.   A  piece  of  refractory 
resting  on  LCV-2003  butterfly  valve  restricted 
the  circulation  rate.   Spool  piece  was  repaired 
and  replaced. 

Maintenance  replaced  the  bags  in  the  100  area. 
Pressured  up  the  unit  with  air. 
100  area  repaired  and  began  grinding  Rosebud 
coal  again. 
1540  System  up  to  pressure,  found  a  leak  on  a 

flange.   Depressuring  the  unit. 
Leak  repaired,  pressuring  up  the  unit. 
System  up  to  pressure,  started  the  static 
pressure  test. 

Static  pressure  test  finished. 
Started  the  recycle  compressors  and  began 
circulating  gas. 
1835  Lit  all  heaters. 


II 

0700 

II 

1430 

II 

1500 

II 

1635 

II 

1700 

II 

1720 

M 

1730 

Date 


6/5 


6/7 


6/9 


Time 


2000 


Hours 
Run 


It 

2030 

11 

2130 

II 

2200 

tl 

2400 

0815 


It 

1110 

It 

1120 

11 

1410 

II 

1855 

II 

2350 

/8 

0345 

It 

0420 

It 

0440 

It 

1216 

1325 


1415 


11 

1840 

II 

1915 

II 

2018 

0440 


0600 


0800 

0815 

1020 

1145 

1400 

2400 


Description 

System  at  250°F,  started  first  refractory 

cure  holding  period. 

Began  the  heater  differential  pressure  tests. 

Finished  the  heater  differential  pressure  tests. 

Finished  the  refractory  cure  holding  period. 

NOTE:  Ran  grinding  tests  in  the  100  area  to 

find  best  grinding  rate. 

Maintenance  tied  back  the  rollers  in  the  roller 

mill  because  too  many  fines  were  produced  when 

grinding  Rosebud  coal. 

Feeding  dead-burned  dolomite  to  the  gasifier 

via  F-204A. 

Stopped  feeding  dead-burned  dolomite  to  the 

gasifier  until  results  from  100  area  grinding 

tests  are  finished. 

Zinc  oxide  unit  placed  on  line. 

Began  grinding  tests  in  the  100  area. 

Grinding  tests  showing  less  fines,  resumed 

filling  the  gasifier  boot  with  dead-burned 

dolomite.   Fed  Rosebud  coal  to  the  preheater. 

Transferred  a  batch  of  dead-burned  dolomite 

to  the  regenerator. 

Started  filling  the  regenerator  with  dead-burned 

dolomite  via  F-206. 

Shut  down  100  area  for  maintenance  work. 

Established  solids  circulation,  began  solids 

circulation  tests. 

Finished  the  solids  circulation  tests. 

NOTE:  Removed  air  flow  to  the  system  in  order 

to  repair  J-202,  main  air  compressor. 

Maintenance  finished  in  100  area,  began 

grinding  Rosebud  coal  for  the  preheater. 

J-202  repaired,  put  air  back  to  the  system. 

Introduced  steam  to  the  gasifier  side  flow. 

Started  feeding  char  to  the  gasifier  via 

F-204A. 

Air  removed  from  the  system  again  in  order 

to  repair  J-202. 

J-202  repaired,  put  air  back  into  the 

system. 

Established  char  transfer. 

Introduced  steam  to  the  gasifier  boot  flow. 

Regenerator  at  1800°F. 

Started  feeding  auxiliary  char  to  the  regenerator 

Ran  heater  differential  pressure  test  on 

B-207,  steam  superheater. 

100  area  had  some  difficulty  with  the  baghouse 

carriage. 


10 


Hours 

Date 

Time 
0320 

Run 

6/10 

ti 

0600 

fi 

1501 

u 

1600 

29.7 

u 

1700 

6/11 

0740 

i» 

1620 

54 

It 

1800 

•t 

2400 

6/12 


6/13 
II 


0015 
0810 

1045 


1545 


1630 

0842 
1650 


72.4 


II 

1710 

11 

1900 

104.7 

M 

2400 

6/14 

0000-1800 

•  1 

1806 

M 

2005 

127.7 

II 

2400 

Description 

Began  feeding  Rosebud  coal  to  the  gasifier. 

100  area  shut  down  for  maintenance. 

Filled  F-206  with  fresh  6X9  limestone. 

Initiated  CO2  to  the  gasifier  boot  flow. 

Began  grinding  Rosebud  coal  in  the  100  area. 

Experienced  two  power  dips,  recovered  quick 

enough  that  the  plant  was  not  upset. 

Started  synthesis  gas  flow  to  the  front  end 

of  the  methanation  unit. 

Experienced  three  power  dips  in  a  row  without 

upsetting  the  plant. 

NOTE:   Started  to  experience  a  high  density 

in  the  gasifier.   The  preheater  differential 

pressure  taps  started  to  plug  giving  a  false 

bed  level  reading. 

All  air  removed  from  the  gasifier  side  flow. 

Gasifier  recycle  gas  flow  removed  from  the  boot 

flow. 

Attempted  to  place  F-215/216,  char  removal 

pots,  on  line.   Lost  char  transfer,  then  isolated 

the  pots  from  the  system. 

Gasifier  boot  acted  as  if  unable  to  transfer 

out.   Stroked  LCV-2003  and  the  boot  returned 

to  normal . 

Gasifier  boot  looked  bad  again.   Increased  boot 

flow  and  the  boot  lined  out. 

Lost  coal  feed  for  approximately  five  minutes. 

Experienced  an  upset  in  the  gasifier  boot, 

put  all  flow  possible  in  boot.   Recycle  gas 

was  put  in  at  this  time.   All  feed  to  the 

system  and  circulation  was  stopped.  Removed 

synthesis  gas  from  methanation  unit. 

System  lined  out,  circulation  going  again 

and  coal  feed  started. 

Started  sending  synthesis  gas  to  the 

methanation  unit  again. 

Plant  slowly  recovered  from  upset.  The  gasifier 

boot  very  sensitive  to  minor  changes  and  not 

looking  normal . 

Gasifier  boot  very  sensitive,  moving  side  flow 

had  very  little  effect  at  this  time. 

Small  power  dip,  recovered  without  upsetting 

system. 

Total  power  failure,  no  recovery  possible.  All 

compressors  shut  down. 

Discovered  a  leak  in  B-201-IIB,  gasifier  side 

flow  heaters  while  shutting  down. 
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4   RESULTS  AND  DISCUSSION 

4.1  BACKGROUND 

Prior  to  these  two  runs.  Rosebud  coal  had  never  been  used  as  a 
gasifier  feedstock  and  integrated  plant  operation  had  never  been  at- 
tempted using  a  subbituminous  coal.  The  only  previous  plant  experience 
with  subbituminous  coals  was  in  Run  31  in  which  only  the  gasifier  was 
operated,  and  all  heat  was  supplied  by  air  injection  to  the  gasifier 
side  flow  ring.   Two  subbituminous  coals,  Westmoreland  and  Wyodak,  were 
studied  in  that  run.  Those  tests  indicated  that  preoxidation  of  sub- 
bituminous coals  was  unnecessary  because  no  evidence  of  coking 
or  tar  and  oil  formation  was  shown. 

4.2  ACCOMPLISHMENTS 

4.2.1  Major  Operational  Achievements 

The  pilot  plant  operations  for  Run  37A  and  37B  are  summarized 
below: 

SUMMARY  OF  PLANT  OPERATIONS 
HOURS  OF  OPERATION 

Fresh    Without  Without 

Acceptor    Process   Subbituminous  Acceptor  Air  to   Recycle 

Run  Circulation  Conditions     Feed Makeup   Gasifier  to  Boot 

37A      60         46  39         34        20       16 

37B     155         130  113        102        62       33 

4.2.2  Plant  Data 

The  pertinent  data  for  both  runs  are  presented  in  Tables  37-1 
through  37-22.   Operating  conditions  are  shown  in  Tables  37-1  through 
37-4.   Feedstock  composite  analyses  are  presented  in  Tables  37-5  and 
37-6.   Effluent  and  circulated  process  stream  solids  analyses  are  shown 
in  Tables  37-7  through  37-20.   Pressure  balance  data  and  calculated 
pressure  balances  are  given  in  Tables  37-21  and  37-22.   Locations  and 
elevations  for  the  pressure  points  are  shown  in  Figure  37-1.   The  raw 
pressure  balance  data  was  corrected  as  described  in  the  Run  17  report 
and  forced  to  converge  as  explained  in  the  Run  28  report.   Table  37-23 
contains  the  analyses  of  the  glassy  impurities  found  in  the  Rosebud  coal 
feed  for  Run  37B  and  the  glue-like  particles  found  in  the  circulating 
acceptor  in  that  run. 
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4.2,3  Activity 

The  acceptor  activity  is  defined  as  the  moles  of  active  calcium 
oxide  per  mole  of  calcium  in  the  stone.  The  activity,  which  serves  as  a 
measure  of  the  acceptor's  ability  to  react  with  CO  ,  is  plotted  as  a 
function  of  time  in  Figure  37-2.   From  the  plot  it  is  apparent  that  Run 
37A  did  not  continue  long  enough  to  enable  the  complete  change  out  of 
the  dead-burned  dolomite  acceptor.  However,  the  activity  behavior  for 
the  run  generally  followed  the  trend  for  Run  37B. 

During  Run  37B  over  90  percent  of  the  initial  dead-burned  dolo- 
mite inventory  was  changed  out.   Figure  37-2  shows  that  for  the  last  60 
hours  of  the  run  the  activity  ranged  from  .10  to  .13.  Previous  runs 
with  Velva  lignite  also  had  a  steady-state  activity  in  this  range, 
proving  that  the  subbituminous  coal  ash  has  no  ill  effects  on  the  ac- 
ceptor activity. 

4 . 3    PROBLEMS 

4.3.1  Grinding 

Run  37A  was  the  first  time  that  Rosebud  subbituminous  coal  was 
ground  in  the  pilot  plant  roller  mill.  Many  plugging  problems  were  en- 
countered due  to  the  wetness  of  the  feed.  Several  mechanical  problems 
were  also  encountered  in  the  grinding  area  as  mentioned  previously. 
However,  the  most  serious  problem  was  the  generation  of  an  unusually 
large  amount  of  coal  fines  in  the  feed  to  the  gasifier.  Samples  of  the 
coal  from  the  preheater  showed  that  the  amount  of  -100  mesh  material 
averaged  over  20  weight  percent.  Normally,  for  a  lignite  feedstock, 
the  -100  mesh  material  averages  less  than  ten  percent. 

As  shown  in  Figure  37-1,  the  samples  of  the  coal  entering  the 
preheater  from  the  mill  were  inconsistent,  about  half  containing  5 
percent  fines,  the  rest  about  15  percent.   It  was  postulated  that  the 
fines  in  the  coal  feed  were  being  created  by  attrition  in  the  preheater. 
A  series  of  tests  were  performed  using  different  gas  velocities  in  the 
preheater.  However,  no  significant  improvement  in  the  amount  of  fines 
leaving  the  preheater  was  obtained,  so  the  problem  was  obviously  with 
the  roller  mill.  The  journals  in  the  mill  were  tied  back  to  the  main 
shaft,  increasing  the  clearance  between  the  rollers  and  the  grinding 
ring.  This  solved  the  problem.  As  shown  in  Figure  37-5,  the  -100  mesh 
material  leaving  the  preheater  in  Run  37B  averaged  well  below  ten  weight 
percent. 

4.3.2  Heater  Deterioration 
After  Run  37A 

(1)     Regenerator  air  heater,  B-203.  A  large  section  of  re- 
fractory was  found  spalled  from  the  west  inlet  tubes  and 
two  small  gouges  were  found  on  these  tubes.  The  gouges 
were  filled  with  310CB  weld  metal  and  the  refractory  was 
repaired. 
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(2)     Acceptor  lift  gas  heater,  B-205.   Thickness  measurements 
revealed  a  small  thinned  out  area  on  the  outlet  of  the 
top  pass.  The  area  was  approximately  0.50  inch  in  di- 
ameter with  a  thickness  of  0.10  inch  indicating  as  a  loss 
of  0.04  inch.  An  attempt  to  overlay  the  area  was  made 
but  was  unsuccessful.  A  two-foot  section  of  the  pass  was 
then  replaced.   The  tubes  of  this  heater  are  under  con- 
stant sulfur  attack  and  are  closely  monitored. 

After  Run  57B 

(1)  Gasifier  boot  heater,  B-201A.   The  refractory  in  B-201-IIA 
was  found  spalled  in  several  places  and  was  repaired. 

The  diffuser  pan  in  the  convection  section  [B-201-IIIA) 
contained  cracks  at  all  support  attachment  areas  and  was 
repaired. 

(2)  Gasifier  side  heater,  B-201B.   The  upper  core  refractory 
in  B-201-IIB  required  some  repair  because  of  cracking  and 
spalling.   Close  examination  of  the  convection  section 
(B-201-inB)  in  which  a  leak  was  detected  during  shutdown 
revealed  two  cracks  in  the  coil.   Sections  of  the  coil 
were  removed  for  analyses,  and  the  coil  will  be  bypassed 
while  a  replacement  is  being  fabricated. 

Analysis  of  the  samples  revealed  four  longitudinal  cracks 
located  in  small  bulges  in  one  sample.  These  cracks  were 
probably  creep  failures  caused  by  localized  hot  spots. 
The  Type  321  stainless  steel  used  is  very  weak^at  tem- 
peratures in  the  rapid  gain  growth  range  (1600  to 
2000°F)  and  bulging  and  cracking  could  occur  in  a  fairly 
short  time. 

Analysis  of  the  other  sample  revealed  two  circumferential 
cracks  which  were  apparently  caused  by  thermal  fatigue. 
These  tubes  had  seen  12,500  hours  of  service,  and  the 
cyclical  thermal  stresses  from  the  numerous  furnace 
shutdowns  and  startups  associated  with  pilot  plant 
operations  had  finally  taken  their  toll. 

(3)     Acceptor  lift  gas  heater,  B-205.   Thinned  areas  .08-inch 
thick  were  found  at  several  locations  in  the  top  two 
coils  and  a  portion  of  the  third  coil  from  the  top.   Three 
hundred  sixty  degrees  of  the  top  two  coils  were  replaced 
as  were  180  degrees  of  the  third  coil.  The  thinning 
is  due  to  constant  attack  by  sulfur  which  slips  through 
the  SO  scrubbing  tower.   The  upper  cone  refractory  had 
cracked  in  several  areas  and  one  area  had  spalled.   The 
refractory  was  repaired. 
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4.3.3  Deposits 
Run  37 A 


The  only  significant  deposit  found  during  the  shutdown 
following  Run  37A  was  in  the  gasifier  bottom  head  on  top  of  the 
boot  distributor.   The  deposit  was  mostly  soft,  loosely  packed 
and  made  up  of  active  limestone  acceptor.   The  deposit  extended 
five  to  six  inches  above  the  bottom  head  flange  and  completely 
covered  the  inlet  to  the  gasifier  dump  hopper,  F-213.   It  formed 
a  cone  leading  to  the  acceptor  transfer  line. 

Beneath  the  limestone,  a  hard-faced  deposit  of  dead- 
burned  dolomite  was  found  around  two-thirds  of  the  boot  circum- 
ference.  This  deposit  was  about  two-inches  thick  and  was  not 
present  near  the  acceptor  transfer  outlet.   The  line  to  F-213 
was  plugged  with  hard  dead-burned  dolomite,  as  was  the  area  be- 
tween the  bubble  caps  of  the  boot  distributor. 

Run  37B 

The  major  deposits  were  found  in  the  gasifier  after 
Run  378.   One  deposit  was  in  the  transition  section  just  above 
the  side  flow  distributor  ring.   This  deposit  was  hard  and  ap- 
peared to  be  made  up  of  active  limestone  acceptor.  There  was  an 
opening  in  the  deposit,  about  one-eighth  of  the  cross-sectional 
area,  leading  into  the  boot. 

The  other  deposit  was  in  the  bottom  head  of  the  gasifier. 
It  was  similar  to  deposit  formed  in  the  previous  run  except  that 
it  was  made  up  mostly  of  dead-burned  dolomite.   The  deposit  again 
formed  a  natural  slope  to  the  inlet  of  the  acceptor  transfer  line 
and  covered  the  inlet  to  F-213.  About  one-third  of  the  deposit, 
starting  along  the  wall  and  boot  distributor  and  leading  towards 
the  middle,  consisted  of  loose  dead-burned  dolomite.   The  inlet 
line  to  F-213  was  also  filled  with  loose  dead-burned  dolomite. 
The  remainder  of  the  deposit  was  gray  or  white  colored  and  ap- 
peared to  be  slaked  dead-burned  dolomite. 

Commentary 

The  deposit  found  in  the  transition  section  of  the  gasi- 
fier after  Run  378  was  obviously  formed  during  the  final  upset 
and  shutdown.   The  high  rate  of  circulation  present  before  the 
final  upset  could  not  have  been  maintained  had  there  been  such  a 
large  restriction  in  the  transition  area.   In  addition,  the 
deposit  looked  very  similar  to  the  samples  of  the  circulating 
acceptor  taken  shortly  before  the  final  upset. 
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During  both  runs  deposits  were  found  in  the  boot.   It  has 
been  known  for  some  time  that  varying  amounts  of  dead-burned 
dolomite  are  trapped  in  the  bottom  of  the  boot  and  never  changed 
out  with  fresh  limestone  acceptor.   Sometimes,  as  in  Run  37A, 
only  a  small  amount  is  trapped,  and  it  may  form  a  hard  deposit. 
In  other  runs,  such  as  Run  37B,  a  large  amount  of  dead-burned 
dolomite  remains.  The  presence  of  dead-burned  dolomite  on  top  of 
the  boot  flow  distributor  for  an  entire  run  can  significantly 
alter  the  gas  distribution  pattern  through  the  lower  part  of  the 
boot.   Poor  gas  distribution  due  to  a  large  amount  of  dead-burned 
dolomite  in  the  bottom  of  the  boot  for  the  entire  run  might 
explain  why  the  char-acceptor  interface  was  so  unstable  during 
the  latter  half  of  Run  37B.   The  dead-burned  dolomite  in  the  boot 
also  provides  a  surface  upon  which  a  deposit  of  active  acceptor 
can  grow.  The  active  acceptor  boot  deposits  have  shown  a  dis- 
turbing tendency  to  break  off  and  block  either  the  inlet  to  the 
circulating  acceptor  transfer  line  or  the  control  valve  in  this 
line,  LCV-2003,  This  almost  always  terminates  a  run  due  to  the 
inability  to  circulate  acceptor. 

To  eliminate  the  entrapment  of  dead-burned  dolomite  and 
provide  better  gas  distribution  in  the  lower  boot,  work  has  begun 
on  the  design  of  a  new  gas  distributor  for  the  boot.  A  scale 
model  of  the  new  distributor  will  be  tested  in  the  glass  model 
before  being  installed  in  the  gasifier. 

4.3.4   Light  Limestone 

As  Run  37B  continued,  the  density  of  the  acceptor  fluidized  beds 
in  the  regenerator  and  the  gasifier  boot  continued  to  decrease.  The 
recarbonated  acceptor  density  dropped  as  low  as  54  LB/FT  and  seemed  to 
line  out  at  about  59  LB/FT  .   This  is  significantly  lower  than  the  density 
of  68  LB/FT^  obtained  for  a  long  period  of  time  in  Run  33B  with  Velva 
lignite.  The  light  limestone  density  made  it  more  difficult  to  main- 
tain the  char-acceptor  interface  and  required  readjustment  of  the  normal 
boot  gas  flow  rate. 

The  decrease  in  the  acceptor  bed  density  was  due  to  a  decrease 
in  the  limestone  particle  density.  The  particle  density  at  the  end  of 
this  run  varied  from  105  to  110  LB/FT*^,  while  in  Run  33B  it  ranged  from 
125  to  130  LB/FT^.  This  decrease  in  density  is  due  to  the  difference 
in  the  shell  laid  down  on  the  acceptor  particles  during  interaction 
with  the  coal  ash.  The  acceptor  in  Run  33B  had  a  very  thick  shell  en- 
riched with  aluminum,  iron  and  silica.  The  shells  on  the  particles 
in  Run  37B  were  very  thin  and  therefore  difficult  to  separate  and  an- 
alyze. More  laboratory  work  will  be  required  to  explain  the  differences 
in  the  interaction  between  the  acceptor  and  lignite  or  subbituminous 
coal  ash. 
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4.3.5  Intermediate  Fines 

Run  37A  did  not  last  long  enough  to  yield  any  meaningful  in- 
formation on  the  accumulation  of  intermediate  fines  in  the  gasifier 
char  bed.   Run  37B,  which  lasted  three  times  longer,  did  reveal  prob- 
lems with  the  accumulation  of  intermediate  fines  in  the  char  bed. 
Figure  37-3  shows  the  rapid  buildup  of  intermediate  fines  in  the  gasi- 
fier.- During  this  time  the  char  bed  density  increased  from  36  to  41 
LB/FT  . 

Part  of  the  increase  in  the  amount  of  intermediate  fines  was 
undoubtedly  due  to  the  decrease  in  limestone  density.  The  lighter  stone 
would  not  shower  as  readily  through  the  char  bed.  Another  explanation 
for  the  high  level  of  intermediate  fines  was  provided  by  the  discovery 
of  a  large  number  of  agglomerated  acceptor  particles  found  in  the  cir- 
culating acceptor  samples.   The  agglomerates  consisted  of  acceptor  fines 
held  together  by  a  gray  "glue."  Many  particles  of  pure  "glue"  from  which 
the  acceptor  fines  had  broken  away  were  also  found. 

Examination  of  the  coal  feedstock  revealed  the  presence  of 
large  amounts  of  glass-like  material.   The  source  of  this  material  was 
found  to  be  slag  from  the  local  power  plant's  cyclone  burners.  The  Rose-" 
bud  coal  used  as  feedstock  had  been  stored  for  some  time  at  the  power 
plant.  Chemical  analyses  of  the  "glass"  and  "glue"  materials  shown  in 
Table  37-23  reveal  that  the  two  materials  have  a  nearly  identical  com- 
position. 

Another  source  of  intermediate  fines  was  the  Rosebud  coal  ash. 
The  Rosebud  coal  was  found  to  contain  a  high  proportion  of  fine  mate- 
rials which  would  not  pass  through  an  80  Tyler  mesh  screen.   These  par- 
ticles appeared  to  be  derived  from  clay. 

The  buildup  of  intermediate  fines  and  concurrent  increase  in 
char  bed  density  made  it  difficult  to  maintain  the  char-acceptor  inter- 
face which  was  already  troubled  by  the  unusually  light  limestone. 
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FUTURE  PLANS 


The  next  run  will  use  Wyodak  subbituminous  coal  as  a  feedstock 
since  it  contains  much  less  +80  mesh  ash  material  than  the  Rosebud  coal. 
The  Wyodak  coal  will  be  delivered  by  truck  directly  to  the  plant  and  will 
not  be  subject  to  contamination.   This  change  in  coal  should  make  it 
easier  to  control  the  amount  of  intermediate  fines  in  the  gasifier.  Work 
will  begin  on  the  design  and  testing  of  a  new  gasifier  boot  flow  distribu- 
tor.  Laboratory  work  will  also  begin  to  better  explain  the  cause  of  the 
lighter  limestone  particle  density  found  when  using  subbituminous  coal. 
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Date 


S/2A/ie 


5/25/76 


Screen  Size,  Wt  % 

Tyler  Mesh 

+  35 

35  X  48 

48  X  65 

65  X  100 

100  X  200 

200  X  325 

-325 

Ultimate  Analysis,  ' 

C 

H 

N 

Total  S 

Ash  +  SO 

Elemental  Analysis, 

Si02 

SO  3 

Na20 

CaO 

MgO 

K2O 

AI2O3 

Fe203 

Wt 


Wt 


0.3 

0.3 

0.3 

0.3 

0.8 

0.3 

0.5 

0.3 

2.3 

1.0 

60.9 

63.4 

34.9 

34.3 

55.9 

61.9 

1.1 

1.3 

0.36 

1.26 

0.47 

38.12 

31.93 

35.80 

41.95 

10.08 

5.89 

2.25 

0.88 

28.14 

27.09 

4.57 

2.95 

0.26 

0.36 

12.33 

10.73 

6.56 

9.80 

Table  37-15.  GASIFIER  CHAR  TO  ORGANIC  POND  COMPOSITES  FOR  RUN  37A 
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Date 

5 

/25/76 

_^^ 

-  5/26/76 

Time 

194  5 

1945 

0100 

0500 

08  3( 

Hopper 

A 

B 

B 

B 

B 

Screen  Size,  Wt  ", 

Tyler  Mesh 

> 

+  ^5 

I  .5 

2.8 

7.6 

5.0 

2.6 

35  X  48 

4.7 

4.9 

6.3 

6.9 

5.7 

48  X  6S 

in. 4 

10.8 

13.1 

14.4 

12.6 

65  X  100 

0 . 5 

0.4 

6.2 

3.2 

0.4 

J  on  X  200 

3  1 . 0 

37.2 

24.7 

24.8 

28.2 

200  X  32S 

2!  .1 

15.9 

20.5 

25.0 

25.5 

-3  25 

2.S.8 

28.1 

21,7 

20.8 

25.1 

Ultimate  Analysis,  IVt  "i 

C 

1  1.9 

16.1 

17.5 

24.6 

14.8 

H 

0.4 

0.3 

0.3 

0.3 

0.3 

N 

0.06 

0.09 

Sulfide 

1  .00 

0.78 

Total  S 
Ash  +  S(V, 

0.96 
8't.2 

1.00 

87.2 

1.45 
83.9 

1.35 
79.8 

1  .45 
86.6 

fil  omental  Analvsis,  IV f  % 

SiOo 

3:-.57 

33.17 

40.18 

40.08 

37.87 

SO3 

'■.10 

6.48 

5 .  79 

6.35 

6.35 

.\'a20 

1  .82 

2.12 

0 .  74 

0.41 

0.55 

CaO 

42.01 

42.38 

37.57 

39.99 

41.68 

MgO 

'■  .  29 

3.87 

4.94 

3.41 

3.29 

).28 

0.28 

0.22 

0.10 

0.19 

"2O5 

0.08 

0.09 

^^2^1, 

6.48 

8.58 

6 .  64 

5.83 

5.95 

Fe^O^ 

T-  *  r\ 

:'.54 

2.73 

3.16 

3.14 

3 .  65" 

1 1O2 

0.28 

0.28 

aloine  Weight  Change   -Ti.S    -12.8    -16.8    -20.2    -13  4 


Table  37-19.  ASH  AND  ATTRITED  ACCEPTOR  COMPOSITES  FOR  RUN  37A 
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Date 
Time 

dPR-* 

2030 

2089 

2088 

2087 

2094 

2093 

2001 

2002 

2083 

2019 

2037 

2021 

2022 

2073 

2074 

207S 

2076 

2077 

2024 

2025 

2026 

2102 

2020 

2036 

2028 

2080 


Range 

Chart 

Zero 

In.  W.C 

-10/10 

9.0 

5S4.0 

0/100 

4.2 

2S 

O/lOO 

3.0 

168.7 

0/100 

3.0 

43.7 

0/100 

3.0 

53.9 

0/100 

3.0 

115.4 

0/100 

3.0 

126.2 

0/100 

3.0 

57.1 

0/100 

3.0 

57.7 

0/100 

4.2 

300.0 

-10/10 

9.0 

40.0 

0/100 

4.2 

50.0 

0/100 

4.8 

25.0 

0/100 

3.0 

150.0 

0/100 

3.0 

180.0 

0/100 

3.0 

180.0 

0/100 

3.0 

144.0 

0/100 

3.0 

144.0 

0/100 

4.2 

98.6 

0/100 

4.2 

300.0 

10/10 

9.0 

40.0 

0/100 

4.2 

100.0 

0/100 

4.2 

300.0 

10/10 

9.0 

20.0 

0/100 

4.8 

SO.O 

-2/2 

9.0 

40.0 

Location* 

1 

2 

3 

4 

S 

6 

7 

8 

9 

10 

11 

12 

13 

14 

IS 

5/24/76 
1850 


9 
34 
65 

77 
40 
22 
45 
68 
42 
0 
74 
48 
45 
75 
72 
52 
17 
39 
29 

-2.2 
70 
65 
-0.2 
35 
62 


0.0 

59.62 

179.17 

274.35 

373.95 

373.95 

322.63 

255.27 

-84.81 

-110.47 

4.42 

125.29 

282.80 

281.83 

259.84 


■< 

5/25/76  

~^„ 

0312 

1130 
Chart  Readings 

1900 

27 

35 

19 

31 

33 

33 

58 

64 

66 

62 

67 

70 

34 

36 

36 

19 

21 

22 

45 

43 

43 

65 

63 

59 

46 

37 

33 

-5.5 

-8 

-5.8 

80 

85 

85 

50 

51 

58 

44 

42 

39 

70 

70 

63 

66 

65 

61 

48 

45 

45 

14 

IS 

15 

42 

42 

40 

27 

27 

28 

-2.3 

-2.3 

-2.3 

61 

45 

45 

68 

70 

67 

-1.0 

-2 

-2 

50 

6S 

60 

65 

70 

72 

Pressure,  In.  W.C. 

** 

0.0 

0.0 

0.0 

58.55 

65.75 

60.14 

161.45 

176.65 

173.10 

252.61 

268.12 

263 . 04 

366.46 

353.97 

336.06 

355.03 

337.33 

324.05 

301.36 

281.12 

265.88 

236.71 

219.41 

208.19 

-80.70 

-82.99 

-82.13 

102.24 

-105.33 

-105.03 

4.58 

4.72 

4.60 

114.30 

106.06 

100.67 

277.53 

274.91 

261.74 

272.73 

265.31 

252.09 

242.60 

227.39 

216.96 

5/26/76 
0300 


7 
32 
67 
70 
36 
22 
49 
S3 
24 
-5 
90 
58 
36 
57 
55 
41 
14 
40 
28 

-2.4 
48 
70 
-6 
65 
73 


0.0 

54.86 

171.78 

258.97 

305.43 

294.76 

236.27 

184.69 

-81.05 

-102.75 

4.75 

96.83 

260.96 

232.96 

194.17 


♦Refer  to  Figure  1. 
••Static  pressure  at  Location  1  is  150  psig. 
Pressures  given  are  differential  pressures  from  Location  1, 
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Date 
Time 

dPR-* 

2030 

2089 

2088 

2087 

2094 

2093 

2001 

2002 

2083 

2019 

2037 

2021 

2022 

2073 

2074 

2075 

2076 

2077 

2024 

2025 

2026 

2102 

2020 

2036 

2028 

2080 


Chart 
-10/10 
0/100 
0/100 
0/100 
0/100 
0/100 
0/100 
0/100 
0/100 
0/100 
-10/10 
0/100 
0/100 
0/100 
0/100 
0/100 
0/100 
0/100 
0/100 
0/100 
-10/10 
0/100 
0/100 
-10/10 
0/100 
-2/2 


Zero 
9.0 
4.2 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
4.2 
9.0 
4.2 
4.8 
3.0 
3.0 
3.0 
3.0 
3.0 
4.2 
4.2 
9.0 
4.2 
4.2 


9.0 
4.8 
9.0 


Location* 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 


Range 

In.  W.C 
554.0 
25 

168.7 
43.7 
53.9 
115.4 
126.2 
57.1 
57.7 
300.0 
100.0 
50.0 
25.0 
ISO.O 
180.0 
180.0 
144.0 
144.0 
98.6 
300.0 
40.0 
100.0 
300.0 
20.0 
50.0 
40.0 


6/12/76 
1930 


1.5 
65 
42 
83 
79 
42 
28 
32 
48 
17 

-6.3 

75 

44 

32 

50 

50 

33 

12 

24 

15 

-1.2 
9 

70 

-0.2 

75 

73 


0 

85.65 
221.30 
307.79 
331.63 
298.34 
249.55 
203.07 
-29.94 
-48.80 
2.37 

91.26 
257.18 
256.24 
212.46 


0300 


1.5 

2 
32 
82 
76 
40 
25 
31 
45 

35 

-6.0 

78 

43 

30 

44 

54 

39 

34 

24 

13 

-1.1 

45 

73 

-1.6 

65 

70 


0 

53.06 
182.69 
261.90 
341.94 
310.57 
259.99 
215.82 
-24.04 
-75.37 
2.15 
93.13 
269.59 
261.96 
223.84 


6/13/76 
1055 


1905 


0300 


Chart  Readings 


2.0 
13 
33 
73 
67 
36 
23 
31 
42 
27 

-7.5 
75 
44 
29 
40 
46 
33 
16 
27 
18 

-1.1 
34 
60 
-0.4 
62 
70 


2.0 
13 
34 
72 
67 
36 
22 
27 
39 
12 

-6.4 
85 
55 
27 
43 
41 
22 
2 
28 
22 

-1.1 
45 
42 

0.0 
70 
70 


1.0 
14 
39 
82 
76 
40 
25 
21 
36 
21 

-6.2 
78 
45 
26 
37 
44 
31 
13 
21 
13 

-1.4 
44 
58 

0.0 
67 
71 


Pressure 

0 

55.72 
173.15 
249.08 
304.88 
265.06 
216.61 
174.62 
-40.26 
-65.84 
2.09 

84.76 
221.66 
219.79 
182.77 


,  In 

0 

59.79 

179.26 

251.09 

259.26 

224.55 

170.30 

132.08 

-54.80 

-59.04 

2.18 

98.21 

182.43 

182.43 

140.41 


W.C. 


6/14/76 
1713 


1.2 
12 
39 
85 
79 
42 
27 
24 
37 
22 

-6.5 
80 
42 
27 
40 
47 
33 
19 
20 
13 

-1.6 
42 
65 
-0.4 
70 
71 


0 

64.97 

197.85 

267.36 

304.38 

271.16 

221.59 

184.21 

-19.92 

-41.14 

2.64 

103.02 

232.92 

232.92 

192.86 


0 
65.34 
204.64 
279.74 
320.22 
285.18 
235.68 
197.17 
-18.90 
-48.91 
3.05 
101.28 
249.65 
247.81 
205.88 


1920 


1.0 
3 
35 
83 
77 
41 
26 
24 
39 
28 

-6.5 
80 
42 
27 
40 
47 
34 
24 
19 
12 

-1.5 
41 
65 
-0.6 
55 
68 


0 

57.29 

191.31 

265.23 

324.25 

289.72 

239.39 

200.23 

-15.48 

-52.70 

2.89 

92.88 

243.72 

240.91 

207.54 


♦Refer  to  Figure  1.         ,  •   icn  ,,.io 
"Static  pressure  at  Location  1  is  150  psig.      ,  ...h „_  j 
Pressures  given  are  differential  pressures  from  Location 


Table  37-22.  PRESSURE  BALANCE  DATA  FOR  RUN  37B 
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RUN  38 


RUN  38A   JULY  2  TO  JULY  10,  1976 

RUN  38B   JULY  20  TO  JULY  27,  1976 

RUN  38C   JULY  31  TO  AUGUST  30,  1976 


CO  ACCEPTOR  PROCESS  GASIFICATION 
2 

PILOT  PLANT 
RAPID  CITY,  SOUTH  DAKOTA 
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SUMMARY 


Run  38  was  conducted  in  three  parts  and  was  the  first  time  that 
Wyodak  subbituminous  coal  was  used  as  a  feedstock  in  integrated  plant 
operation.   Locally  quarried  Minnekahta  limestone  was  used  as  the 
acceptor  feedstock.  The  objectives  of  the  run  were:  demonstration  of 
the  technical  feasibility  of  the  CO  Acceptor  Process  using  an  untreated 
subbituminous  coal  feedstock;  operation  of  the  methanation  unif  opera- 
tion of  the  Elliott  test  stand;  and  a  planned  and  voluntary  shutdown. 

The  initial  run  in  the  series.  Run  38A  (July  2-July  10  19761 
ended  prematurely  when  capacity  of  the  flow  control  valve  in  the  lower 
acceptor  standleg  was  exceeded.  This  happened  when  the  circulation 

7^ly^^   ^r^nH^^^'^  '"  °'''^^''  ^°  increase  the  char  bed  temperature  from 
ioZU   to  1530  F. 

The  run  was  not  of  sufficient  length  to  produce  steady-state  data 
for  heat  and  material  balance  calculations.  However,  the  startup  was 
smooth  and  progressed  past  the  point  at  which  all  of  the  air  was  removed 
as  a  gasifier  heat  source.  Approximately  88  percent  of  the  original  dead- 
burned  dolomite  had  been  removed  and  replaced  with  fresh  limestone  prior 
to  shutdown.  i^xx^j. 

Run  38B  (July  20-July  27,  1976)  also  ended  prematurely  when  several 
large  pieces  of  agglomerated  acceptor  lodged  on  the  flow  control  valve  in 
the  lower  acceptor  standleg.  The  agglomerates  immediately  stopped  trans- 

Z   kT  '  \^°^''  ^^^'   ^""  ^^^  "°'  P^°^^^^  "'"^h  past  the  poin?  of  Run 
38A  before  shutdown. 

Run  38C  (July  31-August  30,  1976)  was  the  most  successful  of  the 
three  runs  but  did  not  accomplish  the  desired  objectives.  Run  38C  re- 
quired five  startup  attempts  to  get  the  plant  operating  and  then  two 
periods  of  putting  the  plant  into  a  hold  condition  due  to  problems  in 
the  coal  grinding  system.  The  interface  had  to  be  blown  away  once  due 
to  loss  of  transfer  through  the  recarbonated  acceptor  standleg   Prob- 
lems were  also  encountered  due  to  low  acceptor  particle  density  during 
the  run  which  resulted  in  a  high  gasifier  bed  density.  ^ 

In  order  to  salvage  some  useful  information  from  this  problem- 
plagued  run,  a  balance  period  of  more  than  a  day  was  made  using  a  r  as 
a  heat  source  m  the  gasifier. 
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2   TEST  DATA 

Run  38A,  38B,  38C  data  are  presented  graphically  and/or  tabularly 
at  the  end  of  this  report.  These  figures  and  tables  include: 

Page 
Figure  38-1.  Differential  Pressure  Transmitter  Location  74 

Pressure  Balance  Calculation 
Figure  38-2.  Acceptor  Circulation  Rate  vs.  Upper  Lift  Line 75 

Pressure  Drop 
Figure  38-3.  Lift  Line  Pressure  Drop  as  a  Function  of  Lift 76 

Gas  Rate  and  Solids  Circulation 

77 

Table  38-1.  Feedstock  Composites  for  Run  38A  

78 
Table  38-2.   Feedstock  Composites  for  Run  38B  

Table  38-3.  Feedstock  Composites  for  Run  38C  

80 
Table  38-4.   Gasifier  Data  for  Run  38 A  

Table  38-5.  Regenerator  Data  for  Run  38A  (2  sheets) 81 

83 
Table  38-6.  Gasifier  Data  for  Run  38B  

84 
Table  38-7.  Regenerator  Data  for  Run  38B  

Table  38-8.  Gasifier  Data  for  Run  38C  (3  sheets) 85 

Table  38-9.  Regenerator  Data  for  Run  38C  (4  sheets) 88 

Table  38-10.  Circulated  Acceptor,  Calcined  for  Run  38 A 92 

Table  38-11.  Circulated  Acceptor,  Calcined  for  Run  38 B 93 

Table  38-12.  Circulated  Acceptor,  Calcined  for  Run  38C  (2  sheets)  94 

Table  38-13.  Circulated  Acceptor,  Recarbonated  for  Run  38A 96 

Table  38-14.  Circulated  Acceptor,  Recarbonated  for  Run  38B 97 

Table  38-15.  Circulated  Acceptor,  Recarbonated  for  Run  38 C 98 

(2  sheets) 

Table  38-16.  Gasifier  Char  Bed  Material  for  Run  38A  (2  sheets)  100 

Table  38-17.  Gasifier  Char  Bed  Material  for  Run  38B  (2  sheets)  102 

Table  38-18.  Gasifier  Char  Bed  Material  for  Run  38C  (4  sheets)  104 

Table  38-19.   Purged  Acceptor  for  Run  38A  

109 
Table  38-20.   Purged  Acceptor  for  Run  38B  

Table  38-21.   Purged  Acceptor  for  Run  38C  (2  sheets) 110 
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Table  38-22.  Gasifier  Cyclone  Char  for  Run  38A "Yof 

Table  38-23.  Gasifier  Cyclone  Char  for  Run  38 B 2^3 

Table  38-24.  Gasifier  Cyclone  Char  for  Run  38C  (2  sheets) 114 

Table  38-25.  Ash  and  Attrited  Acceptor  Composites  for  Run  38A 116 

Table  38-26.  Ash  and  Attrited  Acceptor  Composites  for  Run  38B 117 

Table  38-27.  Ash  and  Attrited  Acceptor  Composites  for  Run  38C 118 

Table  38-28.  Gasifier  Quench  Tower  Solids  for  Run  38 A 119 

Table  38-29.  Gasifier  Quench  Tower  Solids  for  Run  38B .120 

Table  38-30.  Gasifier  Quench  Tower  Solids  for  Run  38C 12i 

Table  38-31.  Average  Preheat  Temperatures  for  Run  3 8C 122 

Table  38-32.  Pressure  Balance  Data  for  Run  38C  (3  sheets) 123 

Table  38-33.  Acceptor  Screen  Analysis  for  Run  38C 126 

During  Aged  Acceptor  Circulation  Tests 
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3    SIGNIFICANT  EVENTS  Al^'D  OBSERVATIONS 

3.1     TABULAR  HISTORY  OF  RUNS  38A,  38B  AND  38C 
3.1.1   Objectives 

The  goals  for  all  three  parts  of  Run  38  were: 

(1)  To  demonstrate  the  technical  feasibility  of  the  process  using  a 
subbituminous  coal  feedstock. 

(2)  Integrated  plant  operation  followed  by  a  planned  voluntary  shut- 
down. 

(3)  Operation  of  the  methanation  unit. 

(4)  Operation  of  th.  Elliott  test  stand. 
3.1.2   Accomplishments 

Run  38A  and  Run  38 B 

The  plant  operated  in  an  integrated  manner  of  sufficient 
length  to  allow  a  substantial  change-out  of  dead-burned  dolomite 
with  fresh  limestone  and  the  removal  of  all  air  supplied  to  the 
gasifier. 

Run  38C 

(1)  The  main  accomplishment  was  a  planned  and  voluntary 
shutdown . 

(2)  A  stable  balance  period  for  which  heat  and  material 
balances  can  be  caluclated  was  obtained. 

(3)  Directly  measured  the  circulation  rate  of  aged  acceptor 
in  the  pilot  plant. 

3.1.3   Termination  Causes 

Run  38A 

This  run  ended  when  the  capacity  of  the  recarbonated 
acceptor  flow  control  valve  was  exceeded.  This  occurred  when 
the  acceptor  circulation  rate  was  increased  m  order  to  raise 
the  gasifier  char  bed  temperature  from  1520  F  to  1530  F.  Since 
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the  valve  could  not  keep  up  with  the  circulation  rate,  the  char- 
acceptor  interface  rapidly  rose  into  the  transition  section  where 
the  acceptor  defluidized  and  agglomerated.  Steps  were  taken  to 
refluidize  the  char-acceptor  mixture  but  acceptor  transfer  could 
not  be  regained. 


Run  38 B 


This  run  ended  when  several  large  pieces  of  agglomerated 
acceptor  lodged  on  the  recarbonated  acceptor  control  valve  and 
immediately  stopped  acceptor  transfer.  The  char-acceptor  inter- 
face was  blown  away  before  it  could  rise  into  the  transition 
section,  but  the  line  could  not  be  cleared  and  the  run  was 
terminated. 


Run  38C 


After  a  two  and  one-half  day  balance  period,  the  plant 
was  voluntarily  shut  down.  This  was  done  in  order  to  make  a  run 
using  the  remainder  of  the  Glenharold  lignite  so  that  space  would 
be  available  to  store  the  incoming  shipment  of  Texas  lignite. 


3.1.4  Mechanical  Problems 
Run  38A 


The  upset  which  terminated  the  run  was  caused  by  a  slight 
bottleneck  in  the  process  at  the  recarbonated  acceptor  flow  con- 
trol valve.  This  valve  was  enlarged  from  four  to  five  inches 
prior  to  Run  38B. 


Run  388 


During  the  initial  filling  of  the  gasifier  char  bed,  the 
char-acceptor  interface  could  not  be  established.  This  was  due 
to  the  use  of  a  coarse  char  grind.  The  contents  of  the  gasifier 
were  dumped  and  the  gasifier  refilled  with  dead-burned  dolomite 
from  the  regenerator  and  the  run  then  proceeded  smoothly  until 
the  end.  ^ 


Run  38C 


(1)     A  leak  in  the  water  jacket  on  the  regenerator  overhead 
line  required  the  plant  to  be  shut  down  for  repairs. 


(2) 


A  hot  spot  occurred  on  the  recarbonated  acceptor  stand- 
leg  requiring  the  plant  to  shut  down  for  inspection. 
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(3)     Large  pieces  of  the  regenerator  refractory  spalled 

causing  the  bottom  of  the  regenerator  to  plug.  This 
required  the  plant  to  be  brought  down  for  cleaning. 


(4) 

(5) 
(6) 


The  line  between  the  regenerator  and  the  spent  acceptor 
lockhopper  plugged  and  could  not  be  cleaned  without  de- 
pressuring  the  plant. 

The  char  transfer  line  at  the  regenerator  plugged  with 
slaked  acceptor. 

The  grinding  area  had  to  be  shut  down  several  times  during 
the  run  so  that  repair  could  be  made.  Most  of  the  prob- 
lems were  due  to  jamming  of  the  baghouse  carriage  drive 
and  to  the  development  of  a  high  differential  pressure 
across  the  baghouse. 

3.1.5   Process  Problems 

Run  38A 

Run  38A  was  plagued  by  a  high  char  bed  density  towards 
the  end  of  the  run.  This  required  acceptor  circulation  to  be 
cut  back  to  keep  the  process  in  a  stable  operating  condition. 
This  also  required  air  to  be  injected  into  the  gasifier  to 
supply  the  remaining  heat  duty.  Steps  were  taken  to  lower  the 
bed  density.  This  was  successful  until  the  capacity  of  the 
flow  control  valve  in  the  recarbonated  acceptor  standleg  was 
exceeded.  This  resulted  in  the  termination  of  the  run. 

Run  38B 

No  process  related  problems  were  encountered  during 
this  run. 

Run  38C 


(1)  The  char-acceptor  interface  was  blown  away  when  instru- 
mentation indicated  that  there  was  a  restriction  at 

the  recarbonated  acceptor  flow  control  valve.  The  valve 
indicator  showed  that  the  valve  was  wide  open  although 
the  interface  was  rising  into  the  transition  section. 

(2)  There  were  also  large  pressure  swings  in  the  system  that 
were  created  by  malfunctions  in  the  regenerator  quench 
tower  level  controller. 
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(3)     Due  to  a  lower  than  expected  acceptor  particle  density, 
the  necessary  acceptor  circulation  could  not  be  achieved 
to  allow  removal  of  air  from  the  gasifier  during  the  run. 
The  low  particle  density  inhibited  the  acceptor  showering 
through  the  char  bed  and  resulted  in  high  char  bed  den- 
sities due  to  stone  holdup.   Low  acceptor  particle  density 
is  apparently  typical  with  a  subbituminous  coal  feedstock. 

3.2    CHRONOLOGY  OF  OPERATIONS 


Run 

38A 

Hours 

Date 

- 

Time 
0140 

Run 

7/2 

1115 

1245 

1435 

1835 

2100 

7/3 

1845 

7/4 

0320 

11 

i6do 

7/5 

0020 

t» 

0420 

It 

0800 

ti 

0920 

»f 

1055 

i 

It 

1210 

M 

1810 

It 

1940 

tl 

1955 

It 

2010 

Description 

Started  grinding  test  with  Wyodak  subbituminous 
coal . 

Pressuring  up  the  unit  with  air. 
Depressuring  the  unit  to  repair  some  leaks. 
Pressuring  up  the  unit  with  air. 
Finished  the  grinding  tests  in  the  100  area. 
System  up  to  pressure,  starting  the  static 
pressure  test. 

^^^^  Finished  the  static  pressure  tests.  Started 

all  recycle  gas  compressors. 
Lit  the  pilots  on  all  the  process  heaters. 
Began  to  slowly  bring  up  the  heater  temperatures, 
Starting  the  temperature  holding  period  for 
the  refractory  cure. 

Finished  the  refractory  cure  holding  period 
and  raising  heater  temperatures. 
Started  grinding  Wyodak  coal  to  the  preheater 
Started  the  second  refractory  cure  holding 
period.   Started  the  heater  differential 
pressure  tests. 

Finished  the  refractory  cure  holding  period. 
Finished  the  heater  differential  pressure  tests. 
Started  feeding  dead-burned  dolomite  to  the 
gasifier  via  F-204A,  fresh  lignite  feed  lock- 
hopper. 

Transferred  a  batch  of  dead-burned  dolomite  from 

the  gasifier  to  the  regenerator. 

Started  feeding  dead-burned  dolomite  to  the 

regenerator  from  F-206,  fresh  acceptor  feed 

lockhopper . 

Established  acceptor  circulation. 

Started  the  acceptor  circulation  tests. 

Finished  the  acceptor  circulation  tests. 

Started  steam  flow  to  the  gasifier  side.' 
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Hours 

Date 

Time 
2153 

Run 

7/5 

7/6 

0110 

M 

0500 

It 

0800 

II 

0955 

II 

1545 

M 

1930 

0 

II 

2316 

7/7 

0130 

M 

0500 

II 

0730 

12 

II 

1415 

II 

2100 

7/8 

1040 

II 

1915 

47.7 

M 

2300 

7/9 

0645 

M 

0840 

II 

0910 

II 

1105 

II 

1230 

65 

II 

2400 

7/10  0900-1500 

"      1005 
"      1440 


1510 
1530 


1630 


92 


Description 

Started  feeding  char  to  the  gasifier  via  F-204A. 
Started  air  flow  to  the  gasifier  side. 
Stopped  grinding  coal  due  to  a  plugged  roller 

mill. 

Resumed  grinding  coal. 

Started  steam  flow  to  the  gasifier  boot. 

Established  char  transfer. 

Regenerator  at  1800°F. 

Started  feeding  Wyodak  coal  to  the  gasifier. 

Switched  from  char  to  coal  grinding. 

Started  feeding  fresh  6X9  limestone  to  the 

regenerator  via  F-206.  Added  CO^  gas  to  the 

gasifier  boot  flow. 

Started  removing  air  from  the  gasifier  side 

flow. 

Switched  from  FE-3000  to  FE-3046  for  calcu- 
lating the  gasifier  vent  flow. 
Started  sending  product  gas  to  the  front  end  ot 
the  methanation  unit. 

Attempted  to  raise  the  gasifier  boot  flow  but 
the  increase  in  the  bed  density  made  it  neces- 
sary to  lower  it  again. 

Stopped  grinding  coal  for  maintenance  work. 
Resumed  coal  grinding. 

Shut  off  the  auxiliary  char  feed  to  the  regen- 
erator to  maintain  the  bed  level  in  the  gasifier. 
Stopped  grinding  for  maintenance  work. 
Resumed  feeding  auxiliary  char  to  the  regenerator, 
The  coal  feed  has  been  decreased  several  times 
in  order  to  maintain  the  proper  level  of  the 
gasifier  bed. 
Resumed  coal  grinding. 

The  Redler  conveyor  in  the  100  area  has  sheared 
pins  numerous  times. 

Attempting  to  lower  the  density  of  the  gasifier 
by  lowering  boot  flow  and  increasing  the  side 

flow.  ,   ^  ,, 

100  area  grinding  stopped  due  to  the  Redler  con- 
veyor breaking. 

Redler  conveyor  repaired  and  coal  grinding  re- 
sumed. 

All  air  out  of  the  gasifier. 
Unable  to  transfer  acceptor  out  of  the  gasi- 
fier boot,  immediately  initiated  the  normal 
procedures  to  prevent  a  deposit  from  forming. 
Initiated  shutdown  procedures  for  the  entire 
plant. 
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Run  38B 

Date 

Time 

1/20 

1600 

It 

1630 

II 

1830 

M 

2100 

11 

2345 

7/21 

0015 

11 

0135 

II 

0215 

M 

0345 

It 

0830 

Hours 
Run  Description 

Starting  to  pressure  up  the  system  with  air. 
Holding  system  pressure  to  check  for  leaks. 
Continuing  with  pressuring  up  of  the  system. 
Holding  system  pressure  to  check  for  leaks 
again. 

Continuing  with  pressuring  up  of  the  system. 
System  up  to  pressure,  started  the  static  pres- 
sure test. 

Finished  the  static  pressure  test. 
Initiated  gas  circulation. 
Lit  all  the  heater  pilots. 
Started  the  250°F  refractory  cure  holding 
period. 

1330  Finished  the  refractory  cure  holding  period 

and  continuing  with  heatup. 
Starting  the  second  refractory  cure  holding 
period. 

Finished  with  the  refractory  cure  holding 
period  and  continuing  with  heatup. 
Started  grinding  Wyodak  coal  for  the  preheater. 
Started  the  third  refractory  cure  holding  period, 
Finished  the  refractory  cure  holding  period 
and  continuing  with  system  heatup.  Started 
the  heater  differential  pressure  tests.  The 
Redler  conveyor  sheared  a  pin  and  stopped  coal 
grinding. 

1815  Redler  conveyor  repaired  and  resumed  coal 

grinding. 

2200  Finished  the  heater  differential  pressure  tests. 

2212  Started  feeding  dead-burned  dolomite  to  the 

gasifier  via  F-204A,  fresh  lignite  feed  lock- 
hopper  . 
7/23    0025  Started  feeding  dead-burned  dolomite  to  the  re- 

generator via  F-206,  fresh  limestone  lockhopper. 

0810  Established  acceptor  circulation. 

0830  Started  the  circulation  tests.   Blew  out  a 

rupture  disc  on  the  100  area  baghouse  and 
burned  up  the  dust  bags.  Rupture  disc  appar- 
ently had  deteriorated  with  time. 
Finished  the  circulation  tests. 
Initiated  steam  flow  to  the  gasifier  side. 
Started  the  B-207  differential  pressure  tests. 
Finished  the  B-207  differential  pressure  tests. 
Started  feeding  char  to  the  gasifier  via  F-204A 


It 

2300 

/22 

0400 

II 

1030 

It 

1425 

ti 

1730 

1015 

1100 

1140 

1230 

1315 

63 


Date 


7/23 


Time 


Hours 
Run 


Description 


It 

2210 

7/24 

0230 

If 

0257 

II 

0605 

II 

0655 

7/26 


0700 


1020 


II 
II 
II 
II 

1130 
1200 
1230 
1245 

7/25 
It 

II 

0043 
0630 
0730 

II 

0920 

It 

0945 

It 

1915 

It 

2020 

11 

2400 

0500 


1000 


NOTE:  Unable  to  establish  a  proper  interface. 
Finally  dumped  the  contents  of  the  gasifier, 
refilled  with  dolomite  from  the  regenerator  and 
started  feeding  char  again.  Finally  established 
the  interface  by  cutting  overhead  circulation 
and  dropping  the  gasifier  boot  flow  for  a  short 
time. 

Increased  the  air  to  the  gasifier  side. 
The  dust  bags  replaced  in  the  100  area  and 
starting  to  grind  char. 
Added  steam  to  the  gasifier  boot  flow. 
Started  feeding  auxiliary  char  to  the  regenerator. 
Auxiliary  char  shut  off  in  order  to  establish 
char  transfer. 

Unable  to  establish  char  transfer. 
NOTE:  Char  transfer  established  for  a  short 
time,  finally  blew  the  transfer  line  clear 
and  raised  the  differential  pressure  between 
the  vessels  to  establish  transfer. 
Redler  conveyor  sheared  a  pin,  stopping  coal 
grinding. 

Stable  char  transfer  established. 
Started  auxiliary  char  feed  to  the  regenerator. 
0   Regenerator  at  1800°F. 

The  Redler  conveyor  was  repaired  and  coal 

grinding  was  resumed. 

Feeding  Wyodak  coal  to  the  gasifier. 

Initiated  CO2  gas  flow  to  the  gasifier  boot. 
19   Started  feeding  fresh  6X9  limestone  to  the 

regenerator. 

Started  the  procedure  to  remove  air  and  recycle 

gas  from  the  gasifier. 

Experienced  some  temperature  problems  in  the 

regenerator.  Part  of  the  trouble  was  due  to  not 

knowing  the  percentage  of  carbon  monoxide  in 

the  regenerator  overhead  gases.  The  gas 

analyzer  shed  had  overheated  and  caused  the 

analyzers  to  malfunction. 

The  Redler  conveyor  sheared  a  pin  again. 

Conveyor  repaired  and  resumed  coal  grinding. 

Having  to  shut  down  the  grinding  area  periodically 

to  clean  the  dust  bags  due  to  high  solids 

loading. 

Plugged  the  grinding  mill  and  lift  line  in  the 

100  area  and  had  to  stop  grinding. 
45.5  Recycle  gas  flow  removed  from  the  regenerator 

ring  flow. 
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Hours 

Date 

Time 
1513 

Run 

7/26 

M 

1831 

7/27 

0200 

II 

0515 

64.75 

It 

0530 

M 

0800 

Run  38C 

7/31 

1630 

II 

1710 

2000 


8/1 

1610 

M 

1725 

II 

1830 

II 

1835 

M 

1900 

II 

2230 

8/2 

0230 

It 

1200 

II 

1240 

V3 

0045 

M 

0305 

II 

1118 

It 

1245 

It 

1352 

It 

1410 

It 

1430 

Description 

100  area  repaired  and  resumed  coal  grinding. 

Air  flow  removed  from  the  gasifier  side  flow, 

continuing  with  removal  of  recycle  gas  from  the 

gasifier  boot  flow. 

All  recycle  gas  out  of  the  gasifier  boot  flow. 

Experienced  trouble  in  the  gasifier  boot  and 

unable  to  transfer  acceptor  to  the  regenerator. 

Stopped  coal  grinding. 

Initiated  the  shutdown  procedure. 


Started  pressuring  up  the  system  with  air. 

Holding  system  pressure  while  several  leaks  are 

repaired. 

A  leak  in  the  regenerator  overhead  line  was  found. 

The  unit  was  depressured  in  order  to  repair  it. 

Pressuring  up  the  system  with  air. 

Started  the  static  pressure  test. 

Finished  the  static  pressure  test. 

Started  gas  circulation. 

Lit  the  process  heaters. 

Started  the  250°F  refractory  cure  holding  period. 

Finished  the  refractory  cure  holding  period  and 

raised  system  temperatures. 

Starting  the  700°F  refractory  cure  holding  period. 

The  temperature  paint  on  LCV-2003,  spent  acceptor 

control  valve,  turned  white  very  quickly.   Initiated 

shutdown  procedures  to  find  out  the  reason. 
1820  Repressuring  the  system. 

NOTE:   Evidently  some  char  in  the  spool  piece 

burned  causing  the  hot  spot,  the  refractory  lining 
of  the  spool  piece  was  in  good  condition. 
1^1^  System  up  to  pressure,  initiated  gas  circulation 

and  lit  the  process  heaters. 

Started  the  heater  differential  pressure  tests. 
Finished  the  heater  differential  pressure  test. 
Started  adding  dead-burned  dolomite  to  the 
gasifier  via  F-204A,  fresh  lignite  feed  lockhopper. 
Started  grinding  Wyodak  coal  for  the  preheater. 
Started  feeding  dead-burned  dolomite  to  the 
regenerator  via  F-206,  fresh  acceptor  feed 
lockhopper. 

L-204,  fresh  acceptor  feeder,  sheared  a  pin 
stopping  dead-burned  dolomite  feed. 
L-204  repaired,  resumed  feeding  dolomite. 
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Date 


Time 


Hours 
Run 


8/3 

2115 

M 

2200 

It 

2300 

8/4 


8/8 


8/9 


0055 


II 
II 

0230 
0400 

II 
II 

0700 
1315 

8/5 
8/6 

0545 
1800 

M 

1930 

II 

2000 

II 

2130 

8/7 

0100 

M 

0800 

1245 

1930 

2025 

0900 
1130 
1330 
1845 

1930 

2014 

2224 

0615 
0800 
0845 
0855 
0935 
1200 


Description 

Started  circulating  dead-burned  dolomite. 

Experienced  a  power  dip,  recovered  without  problems. 

Attempting  to  run  the  acceptor  circulation  test 

without  success. 

The  acceptor  lift  gas  suddenly  started  flowing 

through  LCV-2003  slumping  the  regenerator  bed. 

Attempts  to  pick  up  the  bed  failed.   Initiated 

shutdown  procedures. 

Stopped  grinding  coal  for  the  preheat er. 

Cooling  down  the  100  area  for  maintenance  work  on 

the  baghouse. 

System  depressured. 

Pressuring  up  the  system  in  order  to  circulate 

gas  and  cool  the  system  down. 

System  depressured. 

Pressuring  up  the  system  with  air. 

NOTE:  Shutdown  inspection  revealed  a  large  piece 

of  refractory  in  the  bottom  of  the  regenerator 

which  diverted  the  lift  gas  and  slumped  the  bed. 

Started  the  static  pressure  test. 

Static  pressure  test  finished. 

Started  gas  circulation  and  lit  the  process  heaters. 

Started  the  250°F  refractory  cure  holding  period. 

Finished  the  refractory  cure  holding  period  and 

started  raising  system  temperatures. 

Depressuring  system  due  to  a  plugged  line  to 

F-228,  spent  acceptor  lockhopper. 

Cleared  the  line  to  F-228  and  pressuring  up  the 

system. 

Started  gas  circulation  and  lit  the  process 

started  the  700°F  refractory  cure  holding  period. 
Started  the  heater  differential  pressure  tests. 
Finished  the  heater  differential  pressure  test. 
Started  feeding  dead-burned  dolomite  to  the 
gasifier  via  F-204A. 

Lost  dead-burned  dolomite  feed  due  to  a  sheared 
pin  on  the  L-207A  feeder. 

L-207A  feeder  repaired  and  started  feeding  dead- 
burned  dolomite  again. 

Started  feeding  dead-burned  dolomite  to  the 
regenerator  via  F-206. 

Initiated  dead-burned  dolomite  circulation. 
Started  the  circulation  tests. 
Finished  the  circulation  tests. 
Started  steam  to  the  gasifier  side  flow. 
Started  feeding  char  to  the  gasifier  via  F-204B. 
Initiated  air  flow  to  the  gasifier  side  flow. 
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Date 


Time 


Hours 
Run 


8/9   1500-2000 


It 

2025 

8/10 

0400 

8/11 

1400 

tt 

1600 

II 

1630 

II 

2100 

M 

2300 

8/12 

0400 

II 

0540 

II 

1815 

2300 


8/13 

0748 

n 

0830 

II 

1035 

II 

1055 

If 

1140 

II 

1435 

II 

1730 

II 

2000 

II 

2200 

II 

2320 

II 

2350 

8/14 

0545 

II 

1500 

It 

2235 

8/15 

1145 

II 

1325-1430 

II 

1730 

M 

2400 

8/16 

0745 

M 

2400 

22.75 


48.1 


72.1 


Description 

The  char  transfer  line,  CO-202,  would  not  fill 

and  seal.   Finally,  determined  that  the  vertical 

char  transfer  line,  CO-204,  was  plugged. 

Initiated  shutdown  procedures. 

System  depressured. 

Started  pressuring  up  the  system  with  air. 

Started  the  static  pressure  test. 

Finished  the  static  pressure  test. 

Initiated  gas  circulation. 

Lit  the  process  heaters. 

Started  the  heater  differential  pressure  tests. 

Finished  the  heater  differential  pressure  tests. 

Started  feeding  dead-burned  dolomite  to  the 

gasifier  via  F-204A. 

Started  feeding  dead-burned  dolomite  to  the 

regenerator  via  F-206. 

Initiated  solids  circulation. 

Started  the  circulation  tests. 

Finished  the  circulation  tests. 

Initiated  steam  to  the  gasifier  side  flow. 

Started  feeding  char  to  the  gasifier  via  F-204A. 

Initiated  air  to  the  gasifier  side  flow. 
Started  grinding  Wyodak  coal  for  the  preheater. 
Started  feeding  auxiliary  char  to  the  regenerator. 
Started  char  transfer. 

System  pressure  swinging  badly,  looking  for  the 
problem. 

Regenerator  at  1800°F. 
System  pressure  swings  damping  out. 
Found  that  the  system  pressure  problem  was  in 
the  gasifier  cyclone  and  venturi  system.  Correcting 
the  problem  and  the  plant  is  smoothing  out. 
Started  feeding  Wyodak  coal  to  the  system. 
Started  the  procedure  to  remove  air  and  re- 
cycle gas  from  the  gasifier. 

Again  had  problems  with  the  gasifier  cyclone  and 
experienced  some  system  pressure  swings. 
Finished  grinding  Wyodak  coal  for  the  preheater. 
Experienced  problems  dumping  the  contents  of 
F-207B,  regenerator  ash  out  lockhopper. 
Grinding  Wyodak  coal  for  the  preheater. 
NOTE:  System  pressure  upset  several  times  during 
the  periods  of  emptying  the  gasifier  cyclone. 
Experiencing  high  baghouse  differential  pressure 
in  the  100  area. 
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Hours 

Date 

Time 
0415 

Run 

8/17 

II 

2400 

96.1 

8/18 

0250 

0320 


Description 

Finished  grinding  Wyodak  coal  and  shut  down  the 
unit  for  maintenance  work. 
No  major  problems  in  the  200  area. 
Started  up  the  100  area  but  the  baghouse  carriage 
was  not  working  properly.   Shut  down  for 
maintenance . 
99.4    Due  to  the  trouble  in  the  100  area,  initiated 
coal  saving  procedures  in  the  200  area. 
II      0405  All  air  out  of  the  gasifier. 

II      0415  Stopped  feeding  Wyodak  coal  to  the  gasifier. 

II      0550  Resumed  feeding  Wyodak  coal  to  the  gasifier. 

II      0625  Initiated  air  to  the  gasifier  side  flow.  Just 

holding  bed  levels  and  temperatures  to  conserve 
coal.   Regenerator  quench  tower  plugging  off. 
II      1015  Maintenance  finished  with  the  100  area  and 

resumed  grinding  coal . 
II      2150  Shut  down  the  100  area  again  due  to  problems  with 

the  baghouse . 

Shut  off  the  coal  feed  to  the  gasifier. 
Removed  air  from  the  gasifier  side  flow. 
Shut  off  auxiliary  char  feed  to  the  regenerator. 
Maintenance  finished  with  100  area  and  grinding 
Wyodak  coal . 

Shut  down  the  100  area  for  maintenance  work. 
Started  char  feed  to  the  gasifier. 
Resumed  auxiliary  char  feed  to  the  regenerator. 
Maintenance  finished  with  the  100  area  and 
started  grinding  Wyodak  coal . 
Resumed  char  transfer. 
Lost  char  transfer. 
Char  transfer  restarted. 

Resumed  feeding  Wyodak  coal  to  the  system. 
Regenerator  at  1800  F. 

Shut  down  the  100  area  for  maintenance  due 
to  baghouse  carriage  and  blower  malfunction. 
II      2120  System  pressure  swinging.   Found  a  restricted 

tap  on  PCV-2052,  the  gasifier  recycle  discharge. 
8/21    0200  Maintenance  finished  with  100  area  repair  and 

resumed  coal  grinding. 
II      0800  Problems  in  grinding  area  stopped  coal  grind 

due  to  baghouse  problems. 
II      0830      16.5    Placing  the  plant  in  a  hold  period  until 

grinding  area  is  straightened  out. 
Stopped  feeding  coal  to  the  system. 
Removed  air  from  the  gasifier  side  flow. 
Started  auxiliary  char  feed  to  the  regenerator. 


8/19 

0010 

M 

0400 

It 

0500 

II 

0525 

II 

1345 

II 

1355 

II 

1500 

II 

1620 

II 

1855 

II 

1930 

II 

2315 

8/20 

0517 

II 

1600 

II 

1733 

II 

1340 

II 

1407 

II 

1445 
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Date 
8/21 

M 


Time 

1510 
1730 

1810 


Hours 
Run 


1? 

2020 

8/22 

0030 

It 

0300 

II 

0320 

II 

0356 

II 

0400 

II 

0730 

II 

1020 

II 

1315 

II 

1320 

II 

1325 

1800 


II 

2100 

II 

2318 

8/23 

1225 

It 

1830 

ti 

1955 

8/24 

II 

0830 

II 

0910 

II 

0945 

II 

1030 

8/25 

0100 

M 

0115 

II 

0800 

M 

1730 

M 

2145 

15.5 


37.5 


72.7 


Description 

Stopped  solids  circulation. 

Removed  the  steam  from  the  gasifier  and  began 

emptying  the  contents. 

Resumed  grinding  coal  after  receiving  the  100 

area  back  from  maintenance. 

Resumed  solids  circulation. 

Started  special  solids  circulation  tests  using 

aged  acceptor. 

Finished  the  solids  circulation  tests. 

Initiated  steam  to  the  gasifier  side  flow. 

Started  feeding  char  to  the  gasifier  via  F-204A. 

Stopped  grinding  and  turned  the  100  area  over 

to  maintenance. 

Introduced  air  flow  to  the  gasifier  side. 

Started  steam  flow  to  the  gasifier  boot. 

Began  feeding  auxiliary  char  to  the  regenerator. 

Initiated  char  transfer. 

Backing  off  on  plant  program  and  returning  to  a 

hold  position  until  the  mill  is  repaired. 

Maintenance  repaired  the  100  area  and  resumed 

coal  grinding. 

Regenerator  at  1800°F. 

Resumed  plant  program  and  started  feeding  Wyodak 

coal  to  the  system. 

Started  the  air  removal  from  the  gasifier  procedure 

Lost  char  transfer  to  the  regenerator. 

Recovered  char  transfer. 

Shut  down  the  100  area  for  maintenance  work  on 

the  mill  feeder. 

Maintenance  repaired  the  100  area  and  resumed 

Plugged  the  exit  of  the  regenerator  cyclone, 

L-202B. 

Cleared  the  plug  on  L-202B  and  shook  the  system 
slightly. 

Holding  the  steam/recycle  flows  to  the  gasifier 
boot  at  a  75/25  ratio. 

Stopped  grinding  in  order  to  repair  the  lignite 
conveyor. 

Resumed  coal  grinding. 

Experiencing  problems  in  the  gasifier  boot.   Ad- 
justed the  boot  flows  and  the  boot  straightened 
out . 

The  density  of  the  gasifier  bed  increasing. 
Adjusted  gasifier  flows  and  the  bed  density 
decreased. 
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Date 

8/26 

8/27 


8/28 


Time 

2400 
0610 

0850 


II 

0935 

II 

0950 

II 

1100 

M 

1102 

II 

1125 

It 

1330 

II 

1418 

II 

1600 

0100 


It 

0530 

II 

0940 

II 

1230 

II 

1600 

i/30 

0700 

Hours 
Run 

99 


107.8 


Description 

Plant  operation  very  smooth  all  day. 

Stopped  coal  grinding  for  routine  maintenance 

work .  -      _ 

Initiated  the  voluntary  shutdown  procedure.   Be- 
gan reducing  the  limestone  and  Wyodak  coal  feed. 
All  air  out  of  the  gasifier  side  flow. 
Removed  the  auxiliary  char  feed  from  the  system. 
Stopped  char  transfer. 
Stopped  overhead  solids  circulation. 
Began  dumping  the  contents  of  the  gasifier  to 
F-213,  gasifier  dump  lockhopper. 
Began  test  grinding  Wyodak  coal  in  the  100  area. 
Shut  down  the  process  heaters. 
Transferred  as  much  stone  as  possible  from  the 
regenerator  to  the  gasifier  and  then  emptied 
it  to  F-213.  ,     ^   _^ 

Finished  with  the  test  grind,  shut  down  the  100 

area. 

Main  unit  depressured. 

Repressuring  the  plant  to  cool  down  the  re- 
actors, system  empty  of  limestone. 
Initiated  the  heater  differential  pressure  tests 
Finished  the  heater  differential  pressure  tests. 
System  depressured. 
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4   RESULTS  AND  DISCUSSIONS 

4 . 1  BACKGROUND 

Run  38  was  the  first  integrated  plant  operation  using  a  Wyoming 
subbituminous  coal  (Wyodak)  feedstock.   Data  from  Run  31  indicated  that 
pretreatment  of  subbituminous  coals  was  unnecessary  and  that  no  particle 
swelling  would  occur.  Therefore,  the  Wyodak  coal  feedstock  for  Run  38 
was  not  preoxidized. 

4.2  ACCOMPLISHMENTS 

4.2.1  Major  Operational  Achievements 

The  plant  operations  for  Runs  38A,  38B  and  38C  are  summarized 


below: 


Run 


Subbitu-  Fresh    Without    100% 

Process   minous   Acceptor    Acceptor  Gasifier  Steam 
Conditions  Feed   Circulation   Makeup     Air     to  Boot 


38A      92       88       118         83       0.5       0 

38B      65       53       93         46      11        3 

38C     219       209       407        289       0        0 

During  Run  38C  the  decision  was  made  to  obtain  a  balance  period 
with  some  air  remaining  in  the  gasifier  as  a  heat  source.  This  was  due 
to  an  insufficient  acceptor  circulation  rate  which  was  caused  by  a  low 
acceptor  particle  density.   A  stable  per j .d  of  more  than  a  day  was  ob- 
tained.  The  plant  was  then  voluntarily  shut  down  to  allow  inspection 
of  the  reactors  and  equipment.   Both  reactors  were  essentially  clean. 
Run  38A  and  38B  were  not  of  long  enough  duration  to  allow  change  out  of 
the  acceptor  inventory  and  to  obtain  a  balance  period. 

4.2.2  Plant  Data 

The  data  for  all  three  runs  is  presented  in  Tables  38-1  through 
38-33.  The  balance  period  for  Run  38C  was  from  0300  hours  on  the  26th 
until  0700  hours  on  the  27th  of  August  1976, 

4.2.3  Acceptor  Circulation 

Run  38C  offered  the  opportunity  to  measure  the  circulation  rate 
of  aged  acceptor.   The  usual  procedure  is  to  measure  the  circulation 
rate  on  startup  using  dead-burned  dolomite  (refer  to  Run  17  and  Run  22C 
reports) .   Figures  38-2  and  38-3  are  a  comparison  of  the  acceptor 
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circulation  data  from  Run  22C  and  Run  38C.  Figure  38-2  is  a  com- 
parison of  acceptor  circulation  rate  at  constant  lift  gas  velocity 
versus  lift  line  pressure  drop.  Figure  38-3  is  a  comparison  of  lift 
line  pressure  drop  versus  lift  gas  velocity  with  circulation  rate  as 
a  parameter.   Figure  38-2  shows  a  lower  circulation  rate  at  constant 
pressure  drop  and  lift  gas  velocity  in  Run  38C.  This  is  probably  due 
to  a  53  percent  lower  particle  density  and  a  larger  mean  particle  di- 
ameter.  Figure  38-3  should  support  this  hypothesis  but  the  data  is 
insufficient. 

4 . 3    PROBLEMS 

4.3.1   Intermediate  Fines 

During  the  second  holding  period  of  Run  38C,  the  gasifier  was 
completely  drained  and  refilled.  This  was  done  to  purge  the  system  of 
the  high  level  of  intermediate  fines  which  had  accumulated  in  the  gasi- 
fier char  bed.  The  accumulation  was  apparently  due  to  the  use  of  large 
amounts  of  Husky  char  as  auxiliary  fuel  for  several  days.   Inspection 
of  the  as-received  Husky  char  revealed  that  it  contained  large  amounts 
of  clay.  This  was  circulated  to  the  gasifier  with  the  acceptor  and  was 
trapped  there.  At  times  during  Run  38C  intermediate  fines  represented  up 
to  17  weight  percent  of  the  gasifier  char  bed.   Adding  to  the  problem  of 
the  intermediate  fines  was  the  low  particle  density  of  the  limestone 
acceptor. 
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FUTURE  PLANS 


Plans  for  the  next  run  will  be  the  use  of  Glenharold  lignite 
as  the  coal  feedstock.  The  steam  partial  pressure  will  be  reduced 
to  try  to  eliminate  the  agglomerated  acceptor  deposits  that  formed  in 
the  gasifier  boot  during  Run  38.   These  deposits  occur  with  use  of 
moderately  high  sodium  content  lignites  in  the  presence  of  at  least 
10  to  11  atmospheres  of  steam  partial  pressure.   The  acceptor  becomes 
"sticky"  due  to  Na^O  transfer  from  the  coal  ash  to  the  acceptor.   The 
acceptor  then  agglomerates  if  it  is  allowed  to  stagnate,  even  for  a 
very  short  time. 
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Figure  38-1.  DIFFERENTIAL  PRESSURE  TRANSMITTER  LOCATION 
PRESSURE  BALANCE  CALCULATION 
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Figure  38-3.  LIFT  LINE  PRESSURE  DROP  AS  A  FUNCTION  OF 
LIFT  GAS  RATE  AND  SOLIDS  CIRCULATION 
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0.04 

0.07 

0.11 

58.99 

56.51 

67.95 

68.63 

34.97 

33.73 

22.03 

18.50 

0.02 

0.01 

0.02 

0.02 

1.09 

1.76 

1.92 

2.57 

1.38 

1.50 

1.27 

1.45 

0.01 

0.02 

0.03 

0.05 

0.07 

0.07 

0.09 

0.09 

Table  38-13.  CIRCULATED  ACCEPTOR,  RECARBONATED  FOR  RUN  38A 
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Date 


Time 


Screen 

Size,  Wt 

Tyler  f 

^esh 

+4 

4 

X 

6 

6 

X 

8 

8 

X 

9 

9 

X 

10 

10 

X 

12 

12 

X 

14 

14 

X 

16 

16 

X 

20 

20 

X 

24 

24 

X 

28 

28 

Particle  Density,  Ib/cu  ft 

%   Calcine  Weight  Change 

Activity 

IZlementa]  Analysis,  Wt  % 
Si02 
SO3 
Na20 
CaO 
MgO 
K2O 
AI7O3 
Fe203 

P2O5 
Ti02 


7/24/76 
0800 


7/25/76 
0800 


7/26/76 
0930 


7/27/76 
0400 


Tr 

Tr 

0.3 

1.2 

6.2 

15.7 

0.5 

0.1 

11.6 

4.3 

4.5 

14.5 

31.4 

26.8 

25.2 

22.3 

30.0 

31.9 

17.8 

36.6 

23.0 

23.4 

12.1 

11.5 

10.7 

6.4 

11.7 

2.5 

1.9 

3.0 

0.7 

0.8 

2.7 

2.9 

0.5 

1.0 

3.3 

1.6 

193 

192 

120 

140 

-3.4 

-1.2 

-5.8 

-7.1 

0.03 

0.05 

1.61 

6.12 

6.07 

10.10 

0.17 

0.07 

0.22 

0.50 

0.02 

0.07 

0.09 

0.11 

61.01 

57.17 

67.70 

68.00 

34.43 

32.18 

22.17 

16.33 

0.02 

0.02 

0.04 

0.04 

1.19 

2.09 

2.23 

2.77 

1.38 

1.38 

1.43 

1.38 

o.ni 

0.02 

0.06 

0.04 

0.07 

0.09 

0.15 

0.14 

Table  38-14.  CIRCULATED  ACCEPTOR,  RECARBONATED  FOR  RUN  38B 
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Date 

Time 

Screen 

Size,  IVt  % 

Tyler  1 

^esh 

+4 

4 

X 

6 

6 
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8 

8 
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9 

9 

X 

10 

10 

X 

12 

12 

X 

14 

14 

X 

16 

16 

X 

20 

20 

X 

24 

24 

X 

28 

7/24/76    7/25/76    7/26/76    "^  ^7/76 
0720       0800       0555       0130 


0 

.4 

5 

.6 

62 

.7 

27 

6 

3. 
0. 

4 
4 

17 

.1 

34 

.1 

36 

3 

7. 

8 

3. 
1. 

1 
5 

Tr  3.1 

1.4  14.8 

61.2  60.5 

33.6  17.6 

2.9 
-28  0.4        3.8        1.1 

°-o   Calcine  Weight  Change      -1.5      -0.1      -0.3      -I.4 

Elemental  Analysis,  Wt  % 
Si02 
SO3 
Na20 
CaO 
MgO 
K2O 
AI2O3 
Fe203 

P2O5 
Ti02 


1.56 

5.15 

5.88 

5.94 

0.24 

0.07 

0.25 

0.55 

0.03 

0.06 

0.07 

0.07 

59.47 

57.53 

65.11 

SO. 78 

34.23 

32.52 

24.14 

9.35 

0.02 

0.02 

0.03 

0.03 

1.48 

1.95 

1.80 

2.13 

1.26 

1.44 

1.31 

1.15 

0.01 

0.02 

0.04 

0.06 

0.07 

0.09 

0.12 

0.11 

Table  38-20.  PURGED  ACCEPTOR  FOR  RUN  38B 
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Date 
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- 

0.2 

0.2 

35  X  48 

1.7 

0.9 

0.2 

0.2 

48  X  65        ; 

4.4 

2.1 

1.0 

1.2 

65  X  100 

12.5 

7.5 

8.3 

8.6 

100  X  200 

31.8 

20.1 

32.1 

28.8 

200  X  325 

44.4 

15.8 

12.5 

16.1 

-325 

4.0 

53.7 

45.7 

44.8 

Ultimate  Analyses,  Wt  % 

C 

46.4 

62.6 

59.6 

63.4 

H 

0.9 

1.10 

1.00 

0.9 

N 

0.26 

0.31 

0.23 

S 

0.77 

0.79 

0.78 

0.58 

Ash  +  SO^ 

52.18 

32.48 

36.78 

29.49 

Elemental  Analyses,  Wt  % 

Si02 

26.00 

33.60 

33.22 

35.68 

SO3 

4.71 

5.70 

5.14 

5.50 

Na20 

4.27 

0.96 

1.21 

0.91 

CaO 

35.12 

34.03 

35.08 

33.60 

MgO 

7.43 

3.21 

3.21 

3.47 

K2O 

0.35 

0.35 

0.34 

0.29 

AI2O3 

14.59 

15.58 

16.04 

15.54 

Fe203 

7.05 

5.36 

4.51 

4.59 

P2O5 

0.14 

0.37 

0.42 

0.30 

Ti02 

0.55 

0.69 

0.74 

0.77 

Table  38-22.  GASIFIER  CYCLONE  CHAR  FOR  RUN  38A 
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Date 

7/25/76 

7/25/76 

7/26/76 

7/26/76 

Time 

1125 

1645 

1020 

1900 

Screen  Size,  Wt  % 

' 

Tyler 

Mesh 

+  35 

1.5 

0.7 

0 

.4 

0.5 

35  X 

48 

0.6 

1.1 

0 

.4 

0.5 

48  X 

65 

2.6 

4.8 

2 

8 

2.2 

65  X 

100 

12.0 

21.0 

15 

8 

11.9 

100  X 

200 

35.8 

34.0 

30 

2 

31.8 

200  X 

325 

20.4 

25.7 

17 

8 

14.3 

-32E 

27.1 

12.6 

32. 

6 

38.8 

Ultimate 

Analysis,  Wt  % 

C 

57.6 

63.4 

H 

1.2 

1.0 

N 

0.34 

0.31 

S 

0.49 

0.52 

Ash  +  S0_ 
J) 

35.88 

30.65 

Elemental 

Analysis,  Wt  % 

Si02 

38.55 

31.42 

SO3 

3.21 

3.88 

Na20 

3.29 

0.85 

CaO 

23.75 

37.07 

MgO 

6.92 

4.33 

K2O 

0.60 

0.32 

AI2O3 

16.31 

14.92 

Fe203 

6.67 

5.22 

P2O5 

0.22 

0.54 

Ti02 

0.55 

0.73 

Table  38-23.  GASIFIER  CYCLONE  CHAR  FOR  RUN  38B 
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D^te  7/2S/76    7/26/76    7/26/76    7/26/76 

Ti"ie  1800       0500      1800        2200 

Cyclone  Secondary   Primary   Secondary 

Screen  Size,  Wt  % 
Tyler  Mesh 
+35 
35  X  48 
48  X  65 
65  X  100 
100  X  200 
200  X  325 
-325 

%  Calcine  Weight  Change     -10.8  -6.9        -7.6 

Sulfide  0.70  1.18        i . 09 


2.2 

3.8 

1.8 

2.9 

5.8 

6.4 

4.3 

5.3 

8.2 

9.8 

6.2 

9.4 

10.8 

12.3 

8.4 

12.3 

18.1 

20.2 

15.3 

20.7 

18.3 

12.6 

15.4 

15.7 

36.8 

34.0 

48.7 

38.5 

Ultimate 

Analysis, 

Wt  % 

C 

13.6 

H 

0.4 

N 

0.08 

S 

0.96 

Ash  +  SO3 

86.78 

Elemental 

Analysis, 

Wt  % 

Si02 

30.16 

SO3 

8.03 

Na20 

0.61 

CaO 

42.15 

MgO 

4.25 

K2O 

0.40 

AI2O3 

0.28 

Fe203 

10.47 

P2O5 

3.02 

Ti02 

0.58 

9.4 

9.2 

0.2 

0.3 

0.04 

0.05 

1.23 

1.01 

90.05 

89.88 

30.91 

32.60 

5.61 

4.82 

1.36 

1.41 

43.12 

43.88 

3.37 

3.15 

0.50 

0.58 

11.26 

10.61 

2.71 

2.56 

0.28 

0.29 

0.61 

0.60 

Table  38-26.  ASH  AND  ATTRITED  ACCEPTOR  COMPOSITES  FOR  RUN  38B 
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Date  8/22/76 

Time  0155     031£ 

Screen  Size,  Wt  % 
Tyler  Mesh 

4 

6 

8  22.8     28.0 

9 
10  33.4     32.9 

12 

14  21.0     18.4 

16 

20  10.8      9.9 

24 

28  9.3      7.4 

-28  2.8      3.5 


Table  38-33.  ACCEPTOR  SCREEN  ANALYSIS  FOR  RUN  38C 

DURING  AGED  ACCEPTOR  CIRCULATION  TESTS 
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RUN  39 


SEPTEMBER  17  TO  OCTOBER  5,  1976 


CO  ACCEPTOR  PROCESS  GASIFICATION 

PILOT  PLANT 

RAPID  CITY,  SOUTH  DAKOTA 
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SUMMARY 


Run  39  was  very  successful  in  demonstrating  the  adaptability  of  the 
CO  Acceptor  Process  to  medium  sodium  lignite  feedstocks.   This,  the  last 
of  a  series  of  runs  featuring  Glenharold  lignite,  was  the  second  most 
successful  demonstration  of  the  process  so  far.  The  trouble-free  startup 
procedure  demonstrated  by  Run  36  was  again  easily  executed.   Run  39  further 
confirmed  the  workability  of  a  process  solution  to  agglomeration  problems 
which  plagued  previous  Glenharold  runs. 

Glenharold  lignite  was  continuously  gasified  for  approximately  7 
days  with  the  entire  gasifier  heat  duty  supplied  by  circulating  limestone 
acceptor.   This  precluded  the  need  for  air  in  the  gasifier.   The  run  lasted 
long  enough  to  produce  two  relatively  steady-state  periods  of  operation 
from  which  heat  and  material  balances  for  the  gasification  section  can 
be  calculated. 

Severe  leaks  in  the  regenerator  flue  gas  ash  cyclones  necessitated 
an  early  shutdown. 
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2   TEST  DATA 

Run  39  data  are  presented  graphically  and/or  tabularly  at  the  end 
of  this  run  report.  These  figures  and  tables  include: 

Page 

Figure  39-1.   Comparison  of  Sodium  Buildup  in  Run  39  with  that 143 

in  Run  36 

Figure  39-2.   Location  of  Pressure  Balance  Points  144 

Figure  39-3.  Acceptor  Activity  145 

Figure  39-4.   Gasifier  Char  Bed  Density,  Percent  Junk  and  Boot 146 

Velocity 

Figure  39-5.   Packed  Tube  Reactor  Temperature  Profiles  2114  Hours  147 

9/28/76  and  0500  Hours  9/28/76 

Figure  39-6.   Packed  Tube  Reactor  Temperature  Profiles  1115  Hours  148 

9/29/76  and  1245  Hours  9/29/76 

Figure  39-7.   Packed  Tube  Reactor  Temperature  Profiles  2020  Hours  149 

9/29/76,  0030  Hours  9/30/76  and  0400  Hours  9/30/76 

Figure  39-8.   Regenerator  Deposit  150 

Table  39-1.  Gasifier  Data  (2  sheets) 151 

Table  39-2.  Regenerator  Data  (2  sheets) 153 

Table  39-3.  Feedstock  Composites  155 

Table  39-4.  Calcined  Circulated  Acceptor  (2  sheets) 156 

Table  39-5.  Recarbonated  Circulated  Acceptor  (2  sheets) 158 

Table  39-6.  Gasifier  Char  Bed  Material  (8  sheets) 160 

Table  39-7.  Gasifier  Cyclone  Solids  Analysis  (2  sheets) 168 

Table  39-8.  Gasifier  Quench  Tower  Solids  170 

Table  39-9.  Regenerator  Purged  Acceptor 171 

Table  39-10.   Regenerator  Ash  and  Attrited  Acceptor  Daily  172 

Composites 

Table  39-11.  Pressure  Balance  Data  (2  sheets) 173 

Table  39-12.  Average  Preheat  Temperatures 175 

Table  39-13.  Methanation  Unit  Operating  Conditions  176 

Table  39-14.  Methanator  Temperature  Profiles  177 

Table  39-15.  Regenerator  Deposit  Analysis 178 
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SIGNIFICANT  EVENTS 


3.1     TABULAR  HISTORY  OF  RUN  39 

3.1.1  Objectives 

(1)  To  demonstrate  plant  operability  using  a  medium  to  high  sodium 
content  lignite  like  that  found  in  the  Northern  Great  Plains  region 
of  the  United  States. 

(2)  To  evaluate  the  effects  of  operation  at  reduced  steam  partial  pres- 
sures in  the  gasifier  boot. 

(3)  To  achieve  an  integrated  steady- state  operation  for  2  days,  followed 
by  a  voluntary  shutdown. 

(4)  To  methanate  the  synthesis  gas. 

3.1.2  Accomplishments 

(1)  Run  39  clearly  demonstrated  the  applicability  of  the  CO2  Acceptor 
Process  for  the  gasification  of  medium  to  high  sodium  content 
lignite. 

(2)  Operation  at  limited  boot  steam  partial  pressure  was  shown  to  be 
an  effective  means  of  eliminating  the  boot  acceptor  agglomeration 
which  occured  in  Run  36. 

(3)  The  run  was  sufficiently  long  to  achieve: 

(a)  Eight  days  of  integrated  plant  operation. 

(b)  Almost  7  days  (165  hours)  of  feeding  Glenharold  lignite 
without  the  use  of  air  as  a  gasifier  heat  source. 

(c)  Two  days  of  methanator  operation. 

(4)  The  capability  of  controlling  the  gasifier  char  bed  density  was 
successfully  demonstrated. 

3.1.6   Termination  Causes 

Leaks  caused  by  erosion  in  the  regenerator  external  ash  cyclone, 
which  were  too  severe  to  repair  while  the  plant  was  operating,  forced 
termination  of  the  run.  The  shutdown  was  smooth  and  orderly. 

3.1.4   Mechanical  Problems 
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(1)  The  recarbonated  acceptor  flow  control  valve  had  to  be  removed 
and  repaired  early  in  the  run. 

(2)  The  plant  was  put  on  hold  for  almost  a  day  when  the  city  water 
supply  was  lost. 

(3)  A  boiler  shutdown  caused  by  a  false  low  feed  water  level  signal 
resulted  in  a  brief  interruption  of  process  steam  to  the  gasi- 
fier.  The  recycle  flow  rate  was  quickly  increased  to  make  up 
for  the  loss  in  steam  and  to  prevent  the  bed  from  slumping. 

C4)     The  secondary  regenerator  cyclone  (L-202A)  developed  leaks  that 
became  too  severe  to  repair  while  operating  the  plant.  These 
leaks,  caused  by  erosion,  necessitated  plant  shutdown. 

3.1.5   Process  Problems 

(1)  Perhaps  the  most  serious  process  problem  was  the  increasing  char 
bed  density.  This  prevented  ideal  steady-state  operation. 
About  36  hours  before  the  end  of  the  run,  process  alterations 
(Refer  to  Paragraph  4.2.4,  Page  139)  were  made  which  success- 
fully decreased  the  bed  density. 

(2)  A  boot  upset  was  caused  by  a  partially  restricted  pressure  tap 
which  controls  the  char-acceptor  interface  level  in  the  boot.  A 
false  high-level  signal  opened  the  recarbonated  acceptor  transfer 
valve  and  drained  the  boot  of  solids.  An  increase  in  the  carbon 
monoxide  content  of  the  regenerator  flue  gas  indicated  that  some 
char  had  also  been  transferred  from  the  boot.  Acceptor  transfer 
was  stopped,  the  boot  was  kept  well  mixed  while  the  tap  was 
purged,  then  the  interface  was  reestablished  and  transfer  was 
resumed. 

(3)  Inspection  of  the  regenerator  following  the  run  revealed  a  de- 
posit on  and  above  the  air  distributor  ring.   The  deposit  ex- 
tended approximately  18  inches  above  the  ring.  During  the  run, 
there  was  no  evidence  that  the  deposit  was  detrimental  to  the 
plant  operation.  The  deposit  may  have  reached  an  equilibrium 
size,  but  this  can  only  be  determined  by  longer  periods  of  opera- 
tion. Regenerator  temperature  excursions  above  1900°F  may  have 
caused  the  agglomeration.  A  detailed  description  and  analysis  of 
the  deposit  is  presented  in  the  Results,  Observations,  and  Dis- 
cussion Section  of  this  report. 

3.2     CHRONOLOGY  OF  OPERATIONS 


3.2.1 

Run  39 

Hours 

Date   Time 

Run 

9/17   0845 

Description 
Started  pressuring  up  the  plant  with  air, 
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Hours 

Date 

Time 

Run 

9/17 

1105 

II 

1405 

II 

1600 

M 

1900 

II 

2130 

II 

2300 

9/18 

0010 

II 

0140 

II 

0440 

It 

1030 

II 

2330 

9/19 

0800 

II 

1400 

It 

2220 

9/20 

0020 

It 

1030 

II 

1135 

II 

1340 

ti 

1800 

9/21 

0110 

Description 

Depressuring  in  order  to  repair  a  leak. 

Pressuring  up  the  system  again. 

Started  the  static  pressure  test. 

Depressuring  the  unit  again  to  repair  a 

leak. 

Pressuring  up  the  plant  again. 

Started  the  static  pressure  test. 

Started  grinding  char  for  the  preheater. 

Finished  the  static  pressure  test. 

Lit  the  process  heaters  and  started  the 

recycle  heaters. 

Started  the  250°F  refractory  cure  hold. 

Finished  grinding  char. 

Finished  the  refractory  cure  holding 

period,  raising  the  heater  temperatures. 

Started  the  600°F  refractory  cure  hold. 

Finished  the  refractory  cure  holding 

period,  raising  temperatures. 

Started  the  1000°F  refractory  cure  hold. 

Finished  the  refractory  cure  holding 

period,  started  the  heater  differential 

pressure  tests. 
0230  Finished  the  heater  differential  pressure 

tests. 
0240  Zinc  oxide  units  placed  on  line. 

0321  Started  feeding  dead-burned  dolomite  to 

the  gasifier  via  F-204A,  fresh  lignite 

feed  lockhopper. 
0500  A  restriction  near  EHS-2010  valve  pre- 

vented dolomite  transfer  from  the  gasifier 

to  the  regenerator. 
0530  Started  shutdown  procedures, 

0600  Restriction  near  EHS-2010  disappeared,  re- 

turning to  normal  operating  conditions. 

Resumed  feeding  dead-burned  dolomite  to 

the  gasifier.  Unable  to  hold  the  rock 

in  the  gasifier. 

Started  grinding  char  for  the  preheater. 

Started  shutdovm  procedures  to  check  the 

acceptor  transfer  valve,  LCV-2003. 

Finished  grinding  char  for  the  preheater. 

System  depressured. 

Started  pressuring  up  the  system. 

NOTE:   Found  LCV-2003  valve  liner  egg- 
shaped  and  the  shaft  twisted.  Replaced 

the  shaft . 
0230  Started  the  static  pressure  test. 
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Hours 

Date 

Time 

Run 

9/21 

0245 

ti 

0700 

II 

0800 

II 

0915 

II 

2327 

9/22 

0023 

M 

0031 

II 

0855 

II 

0930 

II 

1125 

II 

1130 

II 

1139 

II 

1515 

II 

1600 

II 

1745 

II 

1910 

1930 


II 

2045 

II 

2325 

9/23 

0100 

0120 


0130 


It 

0143 

M 

0505 

II 

0535 

0 

M 

0645-1500 

II 

1500 

II 

1645 

11.2 

Description 

Finished  the  static  pressure  test. 

Lit  the  heaters  and  started  the  recycle 

compressors . 

Started  the  heater  differential  pressure 

tests. 

Finished  the  heater  differential  pressure 

tests. 

Started  feeding  dead-burned  dolomite  to  the 

gasifier  via  F-204A. 

Transferred  a  batch  of  dolomite  to  the 

regenerator. 

Started  feeding  dead-burned  dolomite  to 

the  regenerator  via  F-206,  fresh  acceptor 

feed  lockhopper. 

Initiated  solids  circulation. 

Started  the  solids  circulation  tests. 

Finished  the  solids  circulation  tests. 

Started  the  gas  circulation  test. 

Finished  the  gas  circulation  test. 

Shut  down  J-202,  main  air  compressor, 

for  maintenance. 

J-202  placed  back  on  line. 

Initiated  steam  flow  to  the  gasifier  side. 

Started  feeding  char  to  the  gasifier. 

Started  the  heater  differential  pressure 

tests . 

Finished  the  heater  differential  pressure 

tests. 

Initiated  air  flow  to  the  gasifier  side. 

Started  steam  flow  to  the  gasifier  boot. 

Started  the  steam  heater  differential  pressure 

test. 

Finished  the  heater  differential  pressure 

test . 

Started  feeding  Velva  lignite  to  the  pre- 

heater . 

Initiated  char  transfer. 

Started  feeding  auxiliary  char  to  the 

regenerator. 

Regenerator  at  1800°F. 

Char  transfer  unstable  all  day  long. 

Shut  down  the  100  area  for  maintenance. 

Due  to  notification  by  the  city  that  the 

water  supply  will  be  cut  off,  started 

setting  up  the  plant  for  a  holding  period. 

Removed  steam  from  the  system,  stopped 

char  feed,  allowing  the  system  to  ride 

on  the  process  heaters,  and  leaving  stone 

circulation  at  a  minimum;  shut  down  the 

boiler,  maintaining  the  system  quenches 

with  cooling  tower  water. 
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Date   Time 


Hours 
Run 


9/24 

M 


9/28 


II 

9/29 


1415 
1704 
1726 

1825 


II 

1852 

•  1 

1905 

tl 

1948 

M 

1951 

II 

1955 

II 

2100 

9/25 

0745 

II 

0715 

II 

0800 

II 

0936 

It 

1100 

II 

1117 

It 

1250 

II 

1305 

9/26 

0450 

II 

0750 

•1 

1200 

II 

2400 

9/27 

0630 

2025 

2400 
0245 
1515 

2400 
0805 
0855 


40 


64 


88 


Description 

City  water  supply  returned  to  the  plant. 

Started  steam  flow  to  the  gasifier  side. 

Removing  steam  flow  to  the  side  due  to  a 

leak  on  the  control  valve  flange. 

Began  grinding  Velva  lignite  for  the  pre- 

heater. 

Started  feeding  char  to  the  gasifier. 

Started  steam  flow  to  the  gasifier  side. 

Started  feeding  dead-burned  dolomite  to  the 

regenerator. 

Began  air  addition  to  the  gasifier. 

Initiated  auxiliary  char  feed  to  the 

regenerator. 

Difficulty  in  establishing  char  transfer. 

Tried  the  usual  procedures  for  establishing 

fuel  char  transfer  several  times,  transfer 

finally  established. 

Started  feeding  Velva  lignite  to  system. 

Regenerator  at  1800°F. 

Initiated  fresh  limestone  feed  to  the 

system. 

Sheared  a  pin  on  L-204,  fresh  limestone 

feeder. 

Feeding  fresh  limestone  with  the  feeder 

bypass  until  the  sheared  pin  is  repaired. 

Initiated  the  air  removal  procedure. 

L-204  feeder  repaired. 

Finished  grinding  Velva  lignite  for  the 

preheater . 

All  air  out  of  the  gasifier  side  flow. 

Started  grinding  Glenharold  lignite  for  the 

preheater. 

Plant  condition  very  good. 

Found  the  bypass  around  boot  recycle  flow 

transmitter,  FT-2020,  open. 

Steam-recycle  gas  flow  to  the  gasifier  boot 

at  a  75-to-25  ratio. 

Plant  operation  smooth. 

Placed  methanation  unit  on  line. 

Experienced  a  slight  upset  from  the  loss 

of  coal  feed  for  a  short  time. 

Plant  operation  smooth. 

Experiencing  trouble  with  S-9  sample  station. 

After  clearing  S-9  sample  station,  had  to 

cut  the  air  loading  on  calcined  acceptor 

transfer  valve,  TCV-2030,  to  regain 

normal  circulation. 
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Hours 

Date  Time     Run 

9/29  1125 

"  1845 

"  2220 

"  2300 

"  2330     111.5 

9/30  0025 

"  0500 


0515 
0830 

0850 


•1 

0933 

tl 

1045 

II 

1310 

It 

1610 

II 

1630 

128.5 

"  1950 

"  2055 

"  2100 

"  2330 

10/1  0105 


0200 
0222 
0400 
0410 
0945 
1323 
2400 


135.5 


160 


Description 

Experienced  a  power  dip,  kicked  off  cooling 
water  pumps. 

Placed  the  Elliott  turbine  blade  test 
stand  on  line. 

Removed  the  Elliott  turbine  blade  test  stand 
from  service  due  to  a  high  dP  across  the 
metering  orifice. 

Due  to  a  high  junk  level  in  the  system, 
increasing  the  velocity  of  gas  in  the  regenerator 
by  adding  recycle  gas. 
Elliott  test  stand  taken  off  line. 
Removing  part  of  the  recycle  gas  flow  to 
the  regenerator  due  to  the  loss  of  vessel 
temperature. 

Lost  the  steam  boiler  because  of  low  water 
level.   Bounced  the  system  enough  to  lose 
char  transfer.   Methanation  unit  taken  off 
line. 

Regained  char  transfer  and  lining  out  the 
system. 

L-202B,  regenerator  cyclone,  developed  a 
hole.   Maintenance  working  on  placing  a 
metal  band  over  it. 

L-204,  fresh  limestone  feeder,  sheared  a 
pin,  opened  the  bypass  to  maintain  feed. 
L-204  repaired. 

Shut  down  grinding  to  repair  the  preheater 
cyclone  inlet. 

L-202B  repaired  by  maintenance. 
Resumed  grinding  in  the  100  area. 
Several  gasifier  boot  differential  pressure 
taps  plugged,  blew  the  interface,  stopped 
fresh  limestone  feed,  lignite  feed  and  over- 
head circulation. 
Began  grinding  char  to  tote  bins. 
System  lining  out  from  previous  upset. 
L-202A,  regenerator  cyclone,  developed  a 
leak,  maintenance  working  on  it. 
Resumed  grinding  lignite  for  the  preheater. 
The  Redler  conveyor  which  feeds  lignite  to 
the  grinding  mill  surge  pot  sheared  a 
pin,  stopping  lignite  grinding. 
Placed  the  Elliott  test  stand  on  line 
Redler  conveyor  repaired,  resumed  grinding. 
The  leak  on  F-204A  repaired. 
Finished  grinding  lignite  for  the  preheater. 
Resumed  grinding  lignite. 

Experienced  a  power  dip,  nothing  shut  down. 
Working  on  lowering  the  density  of  the  char  bed 
in  the  gasifier. 
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Hours 

Date 

Time 

Run 

10/2 

0805 

It 

1100 

«t 

2400 

184 

10/3 

0230 

ti 

0700 

II 

0710 

II 

0900 

192 

II 

1005 

10/4 

0400 

M 

1400 

10/5   0400 


Description 

Removed  the  last  of  the  recycle  gas  from 

the  regenerator  side  flow. 

Making  system  changes  to  increase  the 

gasifier  temperature. 

Lining  the  system  out. 

L-202A  leaking  again. 

Removed  the  Elliott  test  stand  from  service, 

Placed  the  Elliott  test  stand  back  on  line. 

Initiated  shutdown  procedures  due  to  the 

leak  on  the  cyclone  L-202A. 

Stopped  grinding  lignite  for  the  preheater. 

Depressuring  the  unit. 

System  empty  of  stone,  pressuring  back  up 

to  cool  system  down. 

Depressuring  the  unit. 
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RESULTS,  OBSERVATIONS,  AND  DISCUSSION 


4.1    BACKGROUND 

Prior  to  Run  39  Glenharold  lignite  was  used  as  feedstock  in  Runs 
32,  34,  35,  and  36.   In  the  first  three  of  these  runs,  agglomerated  ash 
deposits  formed  in  the  gasifier  transition  section  on  the  gas  distribu- 
tion ring.   The  sodium  and  silica-enriched  deposits  formed  during  start- 
up when  air  was  injected  through  the  gas  distribution  ring  into  the  gas- 
ifier. These  deposits  grew  inward  toward  the  center  of  the  vessel. 
Localized  hot  spots  resulting  from  the  rapid  combustion  of  hydrogen, 
carbon  monoxide,  and  methane  in  front  of  the  ring  caused  sodium  con- 
stituents in  the  char  to  melt.   The  sticky  char  particles  agglomerated 
and  the  carbon  was  burned  away  in  the  oxygen-rich  environment. 

Hence,  to  prevent  the  formation  of  these  deposits,  hot  spots  in 
the  char  bed  would  have  to  be  avoided.   This  was  successfully  accomplished 
in  Run  36  by  modifying  the  startup  procedure  to  eliminate  the  need  for 
air  in  the  gasifier  while  Glenharold  lignite  was  being  fed  to  the  system. 

Run  36  revealed  the  presence  of  another  sodium  related  problem. 
As  the  run  progressed,  sodium  was  transferred  from  the  char  ash  to  the 
circulating  acceptor  inventory.  When  the  sodium  (Na^O)  concentration 
of  the  acceptor  reached  2.5  weight  percent,  the  acceptor  agglomerated 
in  the  gasifier  boot.   This  occurrence  was  sudden  and  unexpected.   In  sub- 
sequent laboratory  studies,  it  was  found  that  under  normal  gasifier  boot 
operating  conditions  of  11  atmospheres  steam  partial  pressure  the  trans- 
ferred sodium  made  the  acceptor  surface  melt  and  become  sticky.   This 
melt  condition  was  found  to  be  promoted  by  high  steam  partial  pressure 
and  low  boot  temperature.   Further  testing  indicated  that  operating  the 
boot  at  1500°F  with  10  atmospheres  steam  pressure  would  avoid  melt 
formations  at  the  sodium  concentrations  experienced  in  Run  36.   The 
demonstration  of  this  procedure  was  planned  for  Run  39. 

Lower  boot  steam  partial  pressure  can  be  obtained  by  reducing  the 
system  operating  pressure  or  by  diluting  the  steam  with  recycle  gas. 
For  expediency  the  latter  method  was  used  in  Run  39.   A  conservative 
8.7  atmospheres  steam  partial  pressure  was  maintained  with  a  3-to-l 
steam-to-recycle  ratio. 

Prior  to  the  run,  a  manual  shutoff  valve  was  installed  in  the 
fuel  char  standleg.   This  new  valve  would  help  maintain  the  standleg 
seal  if  char  transfer  were  lost.   This  seal  is  essential  for  regaining 
char  transfer. 
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4.2    ACCOMPLISHMENTS  AND  OBSERVATIONS 

4.2.1  Major  Operational  Achievements 

The  pilot  plant  operations  for  Run  39  are  summarized  below: 

SUMMARY  OF  PLANT  OPERATIONS 

Hours  of 
Operation 

Acceptor  Circulation  266 

Process  Conditions  192 

Fresh  Acceptor  Makeup  191 

Without  Air  in  Gasifier  169 

Boot  Maintained  at  8.7  ATM  132 

Velva  Lignite  Feed  29 

Glenharold  Lignite  Feed  165 

Methanation  Unit  on  Line  53 

The  run  clearly  demonstrated  the  success  of  reduced  steam  partial 
pressure  in  eliminating  the  formation  of  massive  boot  deposits  that  ter- 
minated previous  Glenharold  runs.  The  Na^O  content  of  the  acceptor  had 
stabilized  at  less  than  1  weight  percent  m  Run  39.  A  comparison  of  the 
sodium  buildup  on  the  acceptor  in  Runs  39  and  36  (Figure  39-1)  indicates 
that  this  previous  process  problem  can  be  successfully  controlled. 

The  run  also  yielded  two  quasi-steady-state  periods  for  which 
heat  and  material  balances  can  be  calculated  for  the  gasification  section. 
The  first  period  ended  after  17  hours  when  the  boiler  shut  down  due  to 
a  false  instrument  signal.   This  stable  period  was  marred  only  by  a 
gradual  increase  in  the  gasifier  char  bed  density  from  36  to  39  pounds 
per  cubic  foot.   The  second  period  occurred  during  the  last  21  hours  of 
operation.   This  period  spanned  a  reduction  in  bed  density  from  35  to 
32  pounds  per  cubic  foot. 

A  smooth  and  orderly  shutdown  was  made  when  leaks  caused  by 
erosion  in  the  regenerator  external  ash  cyclone  could  not  be  repaired. 

4.2.2  Plant  Data 

Tables  39-1  through  39-12  summarize  the  plant  data  for  Run  39. 
Operating  conditions  are  shown  in  Tables  39-1  and  39-2.   Feedstock 
composite  analyses  are  presented  in  Table  39-3.   Effluent  and  circu- 
lated process  stream  solids  analyses  are  presented  in  Tables  39-4 
through  39-10.  Tables  39-11  contains  the  plant  pressure  balance  data 
and  Table  39-12  shows  average  preheat  temperatures  throughout  the  balance 
periods.  The  locations  and  elevations  for  the  pressure  points  are  shown 
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in  Figure  39-2.   The  pressure  balance  results,  shown  in  Table  39-12, 
were  calculated  by  correcting  the  raw  data  as  described  in  the  Run  17 
report  and  then  forcing  the  summation  of  the  pressure  drops  to  converge 
as  described  in  the  Run  28  report.   Table  39-13  contains  the  analyses 
of  the  regenerator  deposits  sampled  at  the  end  of  the  run.   A  discussion 
of  these  deposits  can  be  found  in  Subsection  4.4,  Problems. 

4.2.3  Activity 

The  acceptor  activity,  defined  as  the  moles  of  active  calcium 
oxide  per  mole  of  calcium  in  the  stone,  serves  as  a  measure  of  the 
acceptor's  ability  to  react  with  CO2 .   Activity  is  plotted  as  a  func- 
tion of  time  in  Figure  39-3.   Run  39  progressed  long  enough  to  completely 
replace  the  dead-burned  dolomite  with  active  acceptor.   The  activity  for 
this  run  was  in  the  range  of  0.16  to  0.18.   This  is  higher  than  the  usual 
O.lO-to-0.13  range  for  previous  runs.   The  high  activity  can  be  attrib- 
uted to  low  acceptor  circulation  rates  and  the  higher  than  usual  (800  to 
1000  pounds  per  hour)  fresh  acceptor  makeup  rate  near  the  end  of  the 
run.  These  two  factors  translate  into  fewer  calcination-recarbonation 
cycles  and  to  a  reduced  system  residence  time  for  the  aged  acceptor. 

4.2.4  Intermediate  Fines  and  Gasifier  Char  Bed  Density 

From  the  time  that  the  dead-burned  dolomite  inventory  was  re- 
placed by  fresh  limestone,  operation  at  ideal  steady-state  conditions 
was  hampered  by  a  constantly  rising  gasifier  char  bed  density.   A  high 
bed  density  can  "choke"  the  gasifier  bed  and  stem  the  flow  of  acceptor. 
This  rising  density  is  caused  by  a  buildup  of  intermediate  fines  in  the 
gasifier  bed. 

Three  courses  of  action  were  taken  in  an  attempt  to  minimize 
the  amount  of  intermediate  fines  fed  to  the  gasifier:   (1)  the  coal 
feedstock  grind  was  made  coarser  to  limit  the  coal  fines  (-100 
mesh  material).   These  fines  generally  contain  the  highest  proportion 
of  intermediate  fines  starting  material-silica.   The  coarser  grind  did 
not  have  any  noticeable  effect  on  limiting  the  bed  density  during  the 
24  hours  after  it  was  initiated. 

When  the  density  reached  41  pounds  per  cubic  foot,  the  second 
and  third  steps  were  taken  simultaneously:   (2)  an  additional  gas  purge 
was  introduced  into  the  top  of  the  calcined  acceptor  standleg,  and 
(3)  fresh  acceptor  makeup  was  increased.   It  was  hoped  that  the  purge 
would  strip  the  fines  material  from  the  overhead  transfer  line,  leaving 
them  behind  in  the  regenerator  where  they  would  be  removed  with  the 
spent  acceptor.  The  increased  acceptor  makeup  rate  would  hasten  the 
replacement  of  regenerator  inventory,  which  includes  the  intermediate 
fines  material,  with  fresh  sized  acceptor.   Within  24  hours  of  the  initi- 
ation of  Steps  2  and  3,  the  char  bed  density  dropped  to  35  pounds  per 
cubic  foot.   Before  any  conclusions  are  drawn,  one  more  observation 
should  be  noted. 
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Plots  of  gasifier  char  bed  density  and  percentage  intermediate 
fines  (Figure  39-4)  show  an  increase  in  the  intermediate  fines  inven- 
tory with  a  subsequent  increase  in  bed  density  occurring  late  on 
September  28,  soon  after  the  replacement  of  fresh  limestone  for  dead- 
burned  dolomite  was  complete.   The  accumulation  of  fines  tapered  off 
and  held  relatively  constant  between  13  and  17  percent.  Although  the 
char  bed  density  seemingly  responded  to  the  corrective  action  admin- 
istered, the  percentage  of  intermediate  fines  was  unaffected.   One  ex- 
planation for  this  occurrence  may  be  the  significantly  reduced  boot 
velocity  that  existed  after  the  return  to  stable  operating  conditions 
following  the  boot  upset  late  on  September  30.   At  low  boot  velocities, 
larger  acceptor  particles  previously  suspended  in  the  char  bed  would  be 
allowed  to  fall  out.   These  lower  velocities  would  help  reduce  the  char 
bed  density  while  having  no  considerable  effect  on  the  intermediate  fines. 

It  was  not  readily  apparent  which  change  or  combination  of  changes 
was  responsible  for  the  recovery  of  the  char  bed  density  control.   Use 
of  the  stripping  purge  alone  in  subsequent  runs  has  not  proved  to  be 
an  effective  means  of  reducing  char  bed  density.   Nevertheless,  a  de- 
generate condition  which  could  have  caused  the  end  of  the  run  was  reversed. 

4.3    METHANATION 

Run  39  was  the  first  attempt  to  operate  the  methanation  unit  since 
the  catalyst  was  reduced  for  a  second  time  in  Run  36,   Because  the 
catalyst  was  new,  conservative  operation  guidelines  were  followed.   The 
guidelines  conformed  closely  with  those  recommended  by  the  catalyst  manu- 
facturer:  The  peak  temperatures  in  the  packed  tube  methanator  were  lim- 
ited to  850°F.   Higher  temperatures  were  avoided  by  diluting  the  syn- 
thesis gas  to  the  reactor  with  dry  methanated  product  gas.  A  minimum 
recycle  to  feed  ratio  of  1.4  to  1  (wet)  was  achieved. 

Purified  synthesis  gas  was  passed  through  the  packed  tube  reactor 
for  approximately  53  hours  in  Run  39.   Process  flow  data  for  this  period 
are  presented  in  Table  39-13.   Reactor  temperature  profiles  measured 
throughout  the  run,  tabulated  in  Table  39-14  and  plotted  in  Figures 
39-6,  39-7,  and  39-8,  indicate  that  the  peak  temperatures  occurred  1 
foot  below  surface  of  the  catalyst  bed.   This  is  the  point  in  the  re- 
actor where  the  rate  of  heat  removed  equals  the  rate  of  heat  generated. 
The  temperature  should  begin  to  rise  immediately  upon  contact  of  the 
gas  with  the  catalyst.   Because  the  profiles  do  not  indicate  an  immedi- 
ate temperature  rise  at  the  top  of  the  catalyst  bed,  it  must  be  assumed 
that  either  the  catalyst  surface  has  settled  to  a  point  4  inches  lower 
than  the  original  top  of  the  catalyst  bed,  or  the  first  4  inches  of  the 
catalyst  has  deactivated. 

Changes  in  the  Dowtherm  circulation  rate  apparently  had  little 
effect  on  the  rate  of  heat  transfer  in  the  packed  tube  reactor.  A 
55-percent  reduction  in  the  initial  rate  caused  no  appreciable  change 
in  the  temperature  profiles. 
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4.4    PROBLEMS 

4.4.1  Gasifier  Deposits 

Inspection  of  the  gasifier  was  somewhat  obscured  by  water  leaking 
into  the  vessel  during  the  shutdown.  Consequently,  the  boot  was  filled 
with  a  char-acceptor  mudlike  mixture.   The  typical  dead-burned  deposit 
was  found  in  the  dead  space  around  the  wall  above  the  boot  distributor. 
The  rest  of  the  gasifier  was  clean. 

4.4.2  Regenerator  Deposits 

The  regenerator  condition  was  very  similar  in  appearance  to  that 
of  Run  35.  Figure  39-5  is  a  sketch  of  vessel  as  observed  after  Run  39. 
An  analysis  of  deposit  samples  can  be  found  in  Table  39-15. 

The  usual  deposit  under  the  char  inlet  formed,  as  did  those  on 
the  pressure  taps.  The  wall  was  covered  with  a  smooth,  light  brown 
scale  that  varies  from  1/4-  to  1-1/2-inches  thick.  The  material  was 
brittle  and  easily  flaked  off  the  wall.   The  scale  had  the  appearance 
of  large  cobblestones  with  1/8-  to  1/4-inch  cracks  between  1-  to  1-1/2- 
square-foot  sections.   The  deposit  became  thinner  towards  the  top  where 
it  had  a  more  blistered  texture.   Here  the  walls  were  fairly  dusty  as 
usual.   Both  transfer  lines  to  the  gasifier  and  F-228  appeared  to  be 
clean  but  had  a  thin,  paper-like  scale  on  the  walls.   The  metal  grates 
protecting  the  entrances  to  the  calcined  acceptor  standleg  and  the 
purged  acceptor  dump  line  were  clear  with  only  a  thin  crust  on  the  bars. 

A  large  deposit  was  found  on  and  extending  12  to  20  inches  above 
the  air  distributor  ring.  All  of  the  gas  distributor  caps  were  open  to 
the  vessel.   About  1  foot  above  the  ring,  the  regenerator  diameter  was 
constricted  to  about  20  inches.   This  deposit  consisted  of  three  layers. 
Adjacent  to  the  wall  was  a  conglomerate  layer  of  dead-burned  dolomite  and 
limestone.   The  next  layer  consisted  of  yellow  fines  enriched  in  Na^O. 
Finally,  in  contact  with  the  process  was  a  hard  layer  of  black  material. 
When  the  regenerator  was  cleaned,  a  total  of  865  pounds  of  deposit  and 
wall  scale  material  was  removed. 

Regenerator  temperature  data  indicate  that  the  lower  part  of 
the  regenerator  was  subjected  to  substantial  periods  with  temperatures 
exceeding  1900  F.   These  periods  amounted  to  a  total  time  of  90  minutes. 
Since  there  is  only  one  thermocougle  in  the  region,  undetected  tempera- 
ture excursions  in  excess  of  2000  F  could  easily  have  occurred.   Tem- 
perature excursions  of  this  sort  can  provide  ample  opportunities  for  the 
formation  of  melts  leading  to  deposits  of  the  type  formed  in  this  run. 
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FUTURE  PLANS 


Run  40  will  feature  this  plant's  first  attempt  to  gasify  a 
Texas  lignite.   Since  this  is  a  low-sodium  coal,  the  sodium-related 
problems  associated  with  the  use  of  Glenharold  lignite  are  not  antici- 
pated. The  success  of  this  run  will  greatly  extend  the  possible  applica- 


tions of  the  CO  Acceptor  Process, 
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TOP  OF  VESSEL 
TYP.  COBBLESTONE 
LIKE  APPEARANCE 
(SCALE  DEPOSIT) 


CHAR  INLET 


SHORT  KNOBBY 
PROTRUSIONS 


LIFT  UNE 


Figure  39-8 
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Date   9/25/76  -  10/3/76 


Acceptor 


Coal 


Screen  ! 

5ize,  Wt  % 

Minnekahta 

Screen  Size,  Wt  % 

Husky 

Glenharold 

Tyler  Mesh 

Limestone 

Tyler  Mesh 

Char 

Lignite 

t-6 

0.1 

+8 

Tr 

+ 

6X8 

45.8 

8  X  10 

1.1 

2.2 

8 

X  9 

33.7 

10  X  14 

8.2 

6.2 

9 

X  10 

15.6 

14  X  20 

11.3 

9.9 

10 

X  12 

3.1 

20  X  28 

13.3 

14.5 

12 

X  14 

1.0 

28  X  35 

19.0 

18.7 

14 

X  16 

0.2 

35  X  48 

20.8 

22.0 

16  X  20 

0.1 

48  X  65 

10.6 

13.3 

20  X  24 

0.1 

65  X  100 

6.4 

7.1 

24 

X  28 

0.1 

100  X  200 

6.4 

4.0 

•28 

0.2 

200  X  325 

1.8 

1.2 

-325 

1.2 

0.9 

Ultimate  Analysis,  Wt  % 

Moisture 

4.0 

0.25 

C 

67.26 

64.13 

H  +  Moisture  H 

3.08 

3.89 

N 

0.73 

0.84 

S 

1.17 

0.71 

Ash  + 
Elementa 

SO3 

1  Analysis,  Wt  % 

15.67 

8.29 

Si02 

3.28 

40.29 

27.57 

SO3 

0.10 

18.65 

16.06 

Na20 

0.03 

2.27 

6.32 

CaO 

44.73 

19.38 

26.58 

MgO 

0.95 

4.50 

6.30 

K2O 

0.04 

0.42 

0.56 

AI2O3 

0.67 

8.60 

10.44 

Fe203 

0.30 

5.46 

6.27 

P2O5 

0.02 

0.03 

0.08 

Ti02 

0.04 

0.41 

0.46 

Table  39-3.   FEEDSTOCK  COMPOSITES 
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Date 

9/27/76 

-* 

-9/28/76  - 

■"*" 

"*■ 

9/29/76 

■*" 

Time 

Range 

1105 

1925 

0310 

1310 

1855 

0430 

1110 

1930 

dPR* 

Chart 

Zero 

In.  W.C. 

Chart  Readings 

2030 

-10/10 

9.0 

554.0 

3.0 

2.8 

2.9 

3.0 

3.0 

2.0 

1.3 

1.3 

2089 

0/100 

4.2 

25 

41 

25 

24 

33 

33 

61 

55 

50 

2088 

0/100 

3.0 

168.7 

31 

29 

29 

28 

27 

29 

32 

35 

2087 

0/100 

3.0 

43.7 

64 

63 

64 

62 

57 

60 

69 

75 

2094 

0/100 

3.0 

53.9 

63 

62 

60 

60 

57 

60 

70 

73  ' 

2093 

0/100 

3.0 

115.4 

33 

34 

32.5 

31.5 

29 

31.5 

35 

37.5 

2001 

0/100 

3.0 

126.2 

18 

17.5 

17 

17 

16 

17 

20 

22 

2002 

0/100 

3.0 

57.1 

36 

34 

33 

33 

30 

29 

29 

30 

2083 

0/100 

3.0 

57.7 

49 

47 

47 

52 

42 

42 

42 

43 

2019 

0/100 

4.2 

300.0 

25 

28 

24 

18 

20 

17 

16 

15 

2037 

-10/10 

9.0 

100.0 

-0.8 

-0.8 

-0.8 

-0.8 

-1.2 

-0.8 

-0.7 

-0.6 

2021 

0/100 

4.2 

50.0 

80 

79 

80 

84 

80 

75 

75 

70 

2022 

0/100 

4.8 

25.0 

60 

57 

57 

58 

58 

49 

45 

45 

2073 

0/100 

3.0 

150.0 

32 

31 

30 

29 

28 

27 

27 

27 

2074 

0/100 

3.0 

180.0 

48 

47 

45 

43 

40 

40 

40 

40 

2075 

0/100 

3.0 

180.0 

53 

S3 

52 

49 

48 

43 

42 

44 

2076 

0/100 

3.0 

144.0 

39 

38 

36 

35 

33 

30 

31 

31 

2077 

0/100 

3.0 

144.0 

18 

21 

22 

23 

22 

15 

16 

17 

202-1 

0/100 

4.2 

93.6 

42 

41 

42 

43 

42 

35 

33 

33 

2n2,S 

0/100 

4.2 

300.0 

23 

22 

23 

23 

22 

17 

14 

13 

2026 

-10/10 

9.0 

40.0 

-1.2 

-1.4 

-1.3 

-1.4 

-1.4 

-1.5 

-4.2 

-3.0 

2102 

0/100 

4.2 

100.0 

56 

56 

56 

55 

53 

S3 

60 

56 

2020 

0/100 

4.2 

300.0 

47 

SI 

48 

46 

42 

42 

47 

50 

2036 

-10/10 

9.0 

100.0 

-1.8 

-1.9 

-1.9 

-1.9 

-1.9 

-2.0 

-1.9 

-2.0 

2028 

0/100 

4.8 

50.0 

70 

75 

75 

74 

75 

75 

81 

85 

2080 

-2/2 

9.0 

40.0 

69 

68 

67 

71 

70 

72 

73 

75 

Location* 

Pressure,  In 

.  W.C.** 

1 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

2 

62.38 

54.87 

54.43 

55.03 

54.49 

64.44 

66.85 

69.42 

3 

162.77 

155.52 

153.85 

154.37 

145.91 

160.29 

176.82 

184.45 

4^ 

234.39 

224.30 

222.20 

227.06 

208.90 

223.02 

243.80 

253.85 

s" 

280.63 

279.53 

265.99 

253.26 

240.88 

245.53 

263.46 

270.19 

6 

276.65 

275.55 

261.97 

249.15 

234.79 

241.53 

259.93 

267.22 

7 

218.09 

218.30 

204.91 

191.11 

178.05 

188.63 

208.35 

217.20 

8 

168.50 

170.26 

158.91 

147.52 

135.42 

146.83 

166.84 

174.92 

9 

-71.35 

-66.86 

-70.74 

-71.51 

-69.04 

-46.45 

-29.53 

-28.45 

10 

-98.53 

-98.42 

-103.85 

-106.05 

-101.42 

-69.18 

-54.11 

-54.93 

11 

2.41 

2.80 

2.59 

2.79 

2.85 

3.03 

8.33 

5.85 

12 

115.79 

108.22 

107.16 

105.70 

103.80 

114.55 

123.58 

123.14 

13 

223.42 

227.82 

216.47 

206.94 

194.46 

206.60 

229.86 

240.46 

14 

214.37 

218.26 

207.03 

197.69 

185.09 

196.59 

220.42 

230.34 

IS 

175.73 

177.10 

165.43 

155.81 

143.21 

155.30 

175.77 

184.48 

*Re£er  to  Figure  2. 
**Static  pressure  at  Location  1  is  150  psig. 
Pressures  given  are  differential  pressures  from  Location  1. 
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Date 

9/3( 

)/76 

-  10/l/7e 

'^ 

•^ 

-  10/2/7f 

)  ^ 

10/3/76 

Time 

Range 

0315 

1240 

0300 

1100 

1910 

0345 

1130 

1915 

0330 

dPR** 

Chart 

Zero 

In.  W.C. 

Chart  Readings 

2030 

-10/10 

9.0 

554.0 

1.2 

0.8 

0.6 

0.8 

0.6 

0.5 

0.5 

0.5 

0.5 

2089 

0/100 

4.2 

25 

57 

21 

45 

58 

8 

46 

79 

44 

34 

2088 

0/100 

3.0 

168.7 

37 

37 

37 

37 

34 

34 

31 

32 

32 

2087 

0/100 

3.0 

43.7 

75 

77 

75 

79 

76 

70 

66 

67 

65 

2094 

0/100 

3.0 

53.9 

75 

80 

75 

79 

76 

70 

66 

67 

65 

2093 

0/100 

3.0 

115.4 

37 

41 

39 

40 

39.5 

36 

35 

34 

33 

2001 

0/100 

3.0 

126.2 

22 

24 

21 

22 

21 

19 

18 

18 

17 

2002 

0/100 

3.0 

57.1 

29 

29.5 

30 

30 

31 

31 

31 

31 

31 

2083 

0/100 

3.0 

57.7 

43. 

43 

43 

43 

43 

42 

42 

42 

42 

2019 

0/100 

4.2 

300.0 

5 

15 

15 

13 

26 

25 

29 

27 

32 

2037 

-10/10 

9.0 

100.0 

-1.0 

-0.8 

-1.4 

-1.4 

-1.3 

-1.4 

-0.8 

-0.8 

-0.8 

2021 

0/100 

4.2 

50.0 

65 

65 

60 

60 

68 

70 

64 

67 

69 

2022 

0/100 

4.8 

25.0 

42 

40 

39 

36 

42 

43 

39 

42 

45 

2073 

0/100 

3.0 

150.0 

28 

28 

28 

28 

28 

27 

27 

27 

27 

2074 

0/100 

3.0 

180.0 

40 

40 

40 

42 

38 

38 

38 

38 

38 

2075 

0/100 

3.0 

180.0 

45 

47 

45 

41 

47 

45 

45 

44 

45 

2076 

0/100 

3.0 

144.0 

32 

34 

33 

31 

33 

32 

32 

32 

33 

2077 

0/100 

3.0 

144.0 

18 

21 

14 

10 

24 

18 

16 

18 

18 

2024 

0/1  on 

4.2 

93.6 

31 

3n 

30 

in* 

10* 

10* 

10* 

10* 

10* 

2025 

0/100 

4.2 

300.0 

10 

8 

6 

20* 

18.74* 

■'     17.87 

17.3* 

17.6* 

17.6* 

2026 

-10/10 

9.0 

40.0 

-3.0 

-3.0 

-4.0 

-3.9 

-4.8 

-4.8 

-4.0 

-4.4 

-4.5 

2102 

0/100 

4.2 

100.0 

57 

59 

54 

60 

60 

55 

52 

53 

52 

2020 

0/100 

4.2 

300.0 

54 

60 

56 

54 

66 

60 

62 

60 

63 

2036 

-10/10 

9.0 

100.0 

-1.8 

-1.9 

-2.0 

-1.8 

-2.0 

-2.0 

-1.9 

-2.0 

-2.0 

2G28 

0/100 

4.8 

50.0 

89 

88 

83 

92 

85 

83 

77 

81 

80 

2080 

-2/2 

9.0 

40.0 

73 

75 

72 

73 

70 

72 

70 

73 

74 

Locat 

ion** 

Pressure,  In.  W 

xj"** 

1 

0.00 

0.00 

0,00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

2 

78.28 

67.52 

75.84 

70.97 

53.42 

63.83 

54.92 

63.74 

57.44 

3 

205.95 

195.75 

197.29 

196.36 

177.41 

176.31 

161.23 

169.82 

160.25 

4 

280.56 

270.04 

267.55 

267.23 

248.81 

243.72 

226.72 

235.28 

224.34 

5 

266.14 

287.00 

284.40 

277.87 

299.67 

290.93 

285.52 

288.03 

292.05 

6 

260.79 

282.90 

277.27 

270.80 

293.00 

283.83 

281.50 

284.02 

288.04 

7 

217.93 

238.33 

235.13 

228.97 

245.31 

235.56 

236.73 

236.99 

239.18 

8 

177.72 

196.13 

192.65 

186.08 

203.18 

194.38 

195.14 

195.38 

197.51 

9 

-18.75 

-11.40 

-3.49 

-24.90 

-19.16 

-17.20 

-17.23 

-3.62 

-17.07 

10 

-45.32 

-42.91 

-24.26 

-41.80 

-58.49 

-46.35 

-43.39 

-31.28 

-46.42 

11 

6.15 

6.01 

8.27 

7.23 

8.68 

8.94 

7.42 

8.67 

8.31 

12 

128.49 

122.18 

125.95 

127.56 

108.95 

115.14 

103.75 

113.59 

106.37 

13 

247.38 

264.45 

257.37 

254.34 

268.49 

258.94 

254.96 

258.89 

260.86 

14 

' 

239.02 

255.19 

247.56 

245.42 

258.75 

249.09 

245.50 

248.93 

250.89 

15 

187.23 

206.05 

201.29 

195.03 

211.06 

202.98 

202.85 

204.30 

206.81 

*Coninon  tap  plugged;  values  calculated  by  difference  (2024  set  at  zero  reading,  2025 
**Refer  to  Figure  2. 
***Static  pressure  at  Location  1  is  150  psig. 

Pressures  given  are  differential  pressures  from  Location  1. 
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Date 

Time 

Carbonate  Tower 

Feed  Gas,  SCFH  (Wet) 
Feed  Gas,  SCFy  (Dry) 
Temperature ,  F 
Pressure,  PSIG 
Compositions,  Mol  % 

H2  CDiy) 
N2  (Dry) 
CO  (Dry) 

CH4 .  rorvi 
CO2  (Dry) 
H2O  ^ 
MW  (Wet) 
HHV,  Btu/SCF  (Dry) 

Methanation  Feed 

Feed  Gas,  SCFH  (Wet) 
Feed  Gas,  SCFH  (Dry) 
Temperature,  °F  (l) 
Temperature,  °F  (2) 
Temoerature ,   F  fS) 
Pressure,  psiG 
Compositions,  Nfol  I 

H2  (Dry) 

N2  (Dry) 

CO  (Dry) 

CH4  (Dry) 

CO2  (Dry) 

H2O 

vfV  (Wet*) 
HHV,  Btu/SCF  (Dry) 

Methanation  Recycle 
Feed  Gas,  SCFH  (Wet) 
Feed  Gas,  SCFH  (Dry) 
Temperature,  °F 
Pressure,  PSIG 
Compositions,  Mol  I 

H2  (Dry) 

N2  (Dry) 

CO  (Dry) 

CH4  (Dry) 

CO2  (Dry) 

H2O 

MW  (Wet) 
HHV,  Btu/SCFH  (Dry) 

Adiabatic  Reactor 
Feed  Gas,  SCFH  (Wet) 
Feed  Gas,  SCFH  (Dry) 
Tanperature ,  °F 
Pressure,  PSIG 
Compositions,  Mol  I 

Hz  (Dry) 

N2  (Dry) 

CO  (Dry) 

Oi4  (Dry) 

CO2  (Dry) 

H2O 

MW  (Wet) 
HHV,  Btu/SCFH  (Dry) 

Water  Collected,  Ib/hr 

Dowtherm  Circulation  Rate.  Ib/hr 
Temperature  to  DC- 40 2,  °F 
Temperature  from  DC-402,  °F 

Dowtherm  Condensed,  Ib/hr 
Temperature  of  Condensed 
Dowtherm,  °F 


9/28/76 

**= 

-  9/29/76  - 

^^ 

9/30/76 

0700 

2100 

0500 

1100 

2100 

0500 

26,949 

34,117 

35,720 

35,537 

37,282 

37,523 

26,630 

33,702 

35,309 

35,000 

36,813 

37,063 

129 

121 

118 

128 

123 

123 

130 

130 

130 

130 

133 

137 

59.40 

59.76 

59.66 

60.06 

61.16 

60.56 

3.80 

3.20 

2.80 

3.80 

4.10 

5.11 

14.70 

15.12 

14.81 

14.31 

14.11 

13.61 

11.90 

12.11 

12.61 

12.11 

13.21 

13.21 

10.20 

9.81 

10.11 

9.71 

7.41 

7.51 

1.18 

1.22 

1.15 

1.51 

1.26 

1.22 

12.84 

12.66 

12.67 

12.59 

11.80 

11.96 

360 

364 

368 

363 

377 

373 

14,720 

19,352 

24,252 

24,658 

24,810 

24,241 

13,380 

17,555 

22,745 

23,126 

.22,736 

22,255 

723 

655 

650 

650 

640 

631 

532 

564 

565 

563 

564 

- 

576 

558 

562 

566 

561 

« 

115 

115 

115 

115 

115 

115 

62.66 

62.16 

63.20 

63.90 

64.20 

62.70 

3.40 

3.50 

3.70 

3.90 

4.50 

5.50 

15.32 

15.12 

16.20 

15.70 

15.00 

13.80 

12.71 

12.81 

12.90 

13.40 

13.80 

13.80 

5.91 

6.41 

4.00 

3.10 

2.50 

4.20 

9.10 

9.29 

6.21 

6.21 

8.36 

8.19 

11.77 

11.96 

11.13 

10.77 

10.73 

11.33 

381 

379 

387 

395 

3P6 

387 

26,288 

37,633 

38,012 

37,257 

36,380 

34,028 

26,052 

37,525 

37,847 

37,004 

36,206 

33,860 

133 

151 

149 

155 

152 

154 

108 

140 

135 

135 

135 

135 

1.70 

1.20 

1.40 

2.10 

8.30 

6.30 

8.50 

7.91 

10.70 

10.30 

9.40 

12.40 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

77.70 

84.08 

85.30 

82.50 

82.30 

80.40 

12.10 

6.81 

2.60 

5.10 

0.00 

0.90 

0.89 

0.42 

0.43 

0.68 

0.48 

0.49 

20.19 

18.72 

17.85 

18.40 

16.01 

16.90 

790 

853 

866 

840 

858 

832 

5,896 

7,802 

9,314 

8,790 

9.653 

9,799 

5,843 

7.769 

9,274 

8,731 

9,607 

9,750 

100 

76 

77 

91 

80 

81 

93 

93 

93 

93 

93 

93 

1.70 

1.20 

1.40 

2.10 

8.30 

6.30 

8.50 

7.91 

10.70 

10.30 

9.40 

12.40 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

77.70 

84.08 

85.30 

82.50 

82.30 

80.40 

12.10 

6.81 

2.60 

5.10 

0.00 

0.90 

0.89 

0.42 

0.43 

0.68 

0.48 

0.49 

20.19 

18.72 

17.85 

18.40 

16.01 

16.90 

790 

853 

866 

840 

858 

832 

NA 

312 

311 

364 

308 

323 

38,300 

38,900 

38,900 

30,200 

17,500 

17,500 

600 

557 

560 

555 

540 

543 

619 

588 

587 

583 

577 

580 

2,040 

3,880 

2,510 

2,480 

2,490 

2,500 

485 


325 


365 


350 


345 


(1)  Temperature   at   flow  measuring  orifice. 

(2)  Temperature  of  fresh    feed  plus   recycle   at   reactor  inlet. 

(3)  Temperature  of  reactor  effluent. 

Table  39-13.   METHANATION  UNIT  OPERATING  CONDITIONS 
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RUN  40 

RUN  40A   OCTOBER  22  TO  OCTOBER  29,  1976 
RUN  40B   NOVEMBER  7  TO  NOVEMBER  21,  1976 


CO  ACCEPTOR  PROCESS  GASIFICATION 

PILOT  PLANT 

RAPID  CITY,  SOUTH  DAKOTA 
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1   SUMMARY 


Run  40,  which  was  conducted  in  two  parts,  was  the  first  run  in 
which  Texas  lignite  was  used  as  a  gasifier  feedstock.  The  first  part 
of  the  run  (40A)  which  lasted  66  hours  was  terminated  due  to  a  12  min- 
ute electrical  power  failure.  The  run  lasted  long  enough  to  reveal  a 
substantial  buildup  of  intermediate  fines  in  the  gasifier  char  bed. 
The  accumulation  of  junk  caused  a  high  char  bed  density  and  severely 
inhibited  the  showering  of  acceptor  through  the  bed.   The  source  of  the 
junk  was  clay,  sandstone  and  petrified  wood  included  in  the  coal  seam. 

In  the  second  part  of  the  run  (40B) ,  two  steady-state  balance 
periods  were  obtained  lasting  17.5  and  12  hours  respectively.  As  in 
Run  40A  a  low  acceptor  circulation  rate  made  it  necessary  to  inject 
11,000  to  12,000  SCFH  of  air  into  the  gasifier  char  bed  to  maintain 
process  temperatures  during  the  balance  periods.   Following  these 
periods  the  circulation  rate  was  increased,  and  the  air  injection  rate 
decreased  to  about  5,000  SCFH.  Efforts  were  being  made  to  stabilize 
the  char  bed  density  at  these  new  conditions  when  the  dip  tube  from 
the  gasifier  internal  cyclone  fell  into  the  top  section  of  the  gasifier 
boot.  This  allowed  gas  to  bypass  the  char  bed  making  it  impossible  to 
maintain  a  stable  interface. 

Velva  lignite  was  used  as  auxiliary  fuel  to  the  regenerator  for 
the  first  time  during  Run  40B.  No  ill  effects  were  noticed.  The  use 
of  dried  coal  as  an  auxiliary  fuel  may  be  important  in  a  commercial 
plant  as  a  means  of  disposal  of  some  of  the  coal  fines  generated  in  the 
grinding  operations. 
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2   TEST  DATA 

Run  40A  and  40B  data  are  presented  graphically  and/or  tabularly 
at  the  end  of  this  report.  These  figures  and  tables  include: 

Page 

Figure  40-1.  Differential  Pressure  Transmitter  Location  195 

for  Pressure  Balance  Calculation 

Figure  40-2.  Acceptor  Activity  for  Run  403 196 

Figure  40-3.   Percent  Junk  in  the  Gasifier  Char  Bed  for 197 

Run  4 OB 

Table  40-1.  Gasifier  Data  for  Run  40A 198 

Table  40-2.  Regenerator  Data  for  Run  40A 199 

Table  40-3.  Gasifier  Data  for  Run  40B  (3  sheets) 200 

Table  40-4.  Regenerator  Data  for  Run  40B  (3  sheets) 203 

Table  40-5.  Feedstock  Composites  for  Run  40A 206 

Table  40-6.  Feedstock  Composites  for  Run  40B 207 

Table  40-7.  Circulated,  Calcined  Acceptor  for  Run  40A  208 

Table  40-8.  Circulated,  Calcined  Acceptor  for  Run  40B  (2  sheets)   209 

Table  40-9.  Circulated,  Recarbonated  Acceptor  for  Run  40A  211 

Table  40-10.   Circulated,  Recarbonated  Acceptor  for  Run  40B 212 

(3  sheets) 

Table  40-11.   Gasifier  Char  Bed  Material  for  Run  40A 215 

Table  40-12.   Gasifier  Char  Bed  Material  for  Run  40B  (6  sheets) 216 

Table  40-13.  Gasifier  Char  to  External  Cyclone  for  Run  40A 222 

Table  40-14.  Gasifier  Char  to  External  Cyclone  for  Run  40B 223 

(2  sheets) 

Table  40-15.  Gasifier  Quench  Tower  Solids  for  Run  4 OA 225 

Table  40-16.  Gasifier  Quench  Tower  Solids  for  Run  4 OB 226 

Table  40-17.  Acceptor  Withdrawal  for  Run  40A 227 

Table  40-18.  Acceptor  Withdrawal  for  Run  40B  (2  sheets) 228 

Table  40-19.  Ash  and  Attrited  Acceptor  for  Run  40A 230 

Table  40-20.  Ash  and  Attrited  Acceptor  for  Run  40B  (2  sheets)  .231 

Table  40-21.  Pressure  Balance  Data  for  Run  40B 233 

Table  40-22.  Balance  Period  Average  Preheats  for  Run  40B 234 
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3   SIGNIFICANT  EVENTS  AND  OBSERVATIONS 

3.1    TABULAR  HISTORY  OF  RUNS  40A  AND  40B 

3.1.1  Objectives 
Run  40A 

(1)  Achieve  integrated,  steady-state  plant  operation  with 
Texas  lignite  as  the  feedstock,  followed  by  a  voluntary 
and  planned  shutdown. 

(2)  Methanation  of  the  synthesis  gas  from  the  gasifier. 

Run  40B 

ri")     Achieve  an  integrated  olant  operation  with  a  steady- 
state  balance  period  with  approximately  12,000  SCFH 
of  air  injected  into  the  gasifier  char  bed. 

(2)     Test  the  use  of  Velva  lignite  as  the  auxiliary  fuel 
feed  to  the  regenerator. 

3.1.2  Accomplishments 

Run  40A 

Operated  the  plant  in  an  integrated  manner  for  55  hours 
with  Texas  lignite  as  the  gasifier  feedstock. 

Run  4 OB 

(1)  Operated  the  plant  in  an  integrated  manner  for  204 
hours  with  Texas  lignite  as  the  gasifier  feedstock. 

(2)  Obtained  two  steady-state  balance  periods  with  11,000 

to  12,000  SCFH  of  air  injected  to  the  gasifier  char  bed. 
The  balance  periods  lasted  17.5  and  12  hours  respectively, 

(3)  Fed  Velva  lignite  as  the  auxiliary  fuel  to  the  regen- 
erator for  the  entire  run  without  any  problems. 

3.1.3  Termination  Causes 

Run  40A 

A  twelve  minute  power  failure  caused  the  gasifier  and 
regenerator  beds  to  defluidize.   It  was  not  possible  to  lift 
the  regenerator  bed  back  up  after  power  was  regained  due  to  a 
plugged  lift  line.  The  plant  is  designed  to  tolerate  power 
failures  lasting  only  two  seconds  or  less. 
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Run  4 OB 

The  run  ended  when  the  dip  tube  from  the  gasifier  inter- 
nal cyclone  broke  loose.   The  dip  tube  fell  into  the  top  section 
of  the  boot  and  rested  on  the  side  flow  distributor  ring.  This 
allowed  gas  to  bypass  the  gasifier  char  bed  and  made  it  impossible 
to  maintain  a  stable  char-acceptor  interface. 

3.1.4  Mechanical  Problems 

Run  40A 

(1)  There  was  considerable  difficulty  in  grinding  the  Texas 
lignite.   Frequently  the  lignite  would  stick  to  the 
Redler  conveyor  and  cause  it  to  plug.   The  sticking  was 
due  to  a  combination  of  wet  lignite  and  the  production 
of  too  many  fines  in  the  hammer  mill. 

(2)  During  the  startup  a  leak  was  repaired  on  the  gasifier 
overhead  line  cooling  water  jacket. 

Run  4 OB 

(1)  Problems  with  the  main  air  compressor  twice  delayed  the 
startup  of  the  run.   First,  the  plant  was  put  on  hold 
for  four  hours  to  replace  the  air  compressor  rings.   Two 
days  later  the  plant  was  placed  on  hold  for  two  hours 
while  the  exciter  brushes  were  replaced.  After  each 
hold  period  about  five  hours  was  required  to  bring  the 
plant  back  to  normal  operating  conditions. 

(2)  Throughout  the  run  pressure  taps,  sensing  lines  and 
transmitter  froze  up  due  to  unseasonably  cold  weather. 
Several  severe  upsets  were  caused  by  the  instrument 
freeze  ups . 

(3)  The  grinding  area  was  plagued  with  problems  caused  by 
the  presence  of  a  large  amount  of  scrap  metal  in  with 
the  Texas  lignite  feedstock.  The  hammer  mill  and  roller 
mill  had  to  be  opened  and  cleaned  many  times. 

(4)  After  shutting  down,  a  crack  was  found  in  the  liner  pipe 
of  the  gasifier  overhead  line.  The  crack,  which  was 
about  one  inch  long,  was  located  at  the  end  section  of 
the  line  near  the  exit  nozzle  in  the  gasifier  top  head. 
The  liner  pipe  was  replaced  back  to  the  first  90  degree 
elbow. 
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(5)  During  the  shutdown  after  Run  40B,  a  broken  pressure 
probe  was  discovered  in  the  gasifier  boot.  The  probe 
was  broken  inside  the  refractory  lining  of  the  gasifier. 
The  break  probably  caused  the  unstable  operation  of  the 
char-acceptor  interface  controlling  instruments  (dPR-2083 
and  dPR-2002)  noticed  during  the  run. 

(6)  The  acceptor  lift  gas  heater,  B-205,  continued  to  dete- 
riorate. After  Run  40B  three-quarters  of  a  turn  of  one 
pass  was  replaced.  The  tubes  are  under  constant  attack 
by  sulfur  which  slips  through  the  SO  scrubbing  tower. 

3.1.5  Process  Problems 

Runs  40A  and  40B 

(1)  The  showering  of  acceptor  through  the  gasifier  char  bed 
was  greatly  hindered  by  an  accumulation  of  intermediate 
fines.   At  the  end  of  Run  40B,  the  char  bed  sample  indi- 
cated that  over  20  percent  of  the  bed  was  junk.  This  is 
twice  the  normal  amount. 

(2)  The  problem  was  compounded  by  the  fact  that  the  Texas 
lignite  char  appeared  to  have  a  significantly  higher 
particle  density  than  most  other  coals  processed  pre- 
viously.  When  the  feed  was  switched  from  Husky  char  to 
Texas  lignite  in  Run  40A,  the  bed  density  dropped  only 
to  42  LB/FT  .   With  Velva  and  Glenharold  lignites,  the^ 
density  initially  decreases  to  between  30  and  35  LB/FT  . 
Consequently,  with  the  Texas  lignite  feedstock,  densities 
of  over  50  LB/FT  were  encountered  at  even  lower  than 
normal  circulation  rates. 

(3)  As  in  the  runs  with  subbituminous  coal,  the  acceptor 
particle  density  dropped  to  a  low  value  (108  LB/FT  ) . 
The  low  particle  density  hindered  acceptor  showering 
and  made  it  much  more  difficult  to  maintain  a  stable 
char-acceptor  interface  than  in  the  runs  with  Velva 
and  Glenharold  lignites  in  which  the  particle  density 
was  about  120  LB/ FT  . 

3.2    CHRONOLOGY  OF  OPERATIONS 

Run  40A 

Hours 
Date    Time      Run  Description 

10/22   1630  Pressured  up  the  system. 

"      1825  Depressured  the  system  for  maintenance. 
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Date 


10/22 


10/23 

II 

II 
II 
II 
It 
II 
II 
II 
II 


10/24 


10/25 


Time 

2000 
2200 
2225 
2300 
2345 
0220 

0450 
0745 
0810 
1150 
1330 
1400 
1610 
1615 
2000 

2200 

0930 

1130 

1340 
1830 

2045 
2140 


0615 
0840 
1250 

1320 

1350 
1407 
1516 

1900 
2000 


Hours 
Run 


Description 

Pressured  up  the  system. 

Started  the  static  pressure  test. 

Started  grinding  char. 

Finished  the  static  pressure  test. 

Sheared  a  pin  on  the  Redler  conveyor. 

Repaired  the  Redler  conveyor  and  resumed 

grinding. 

Started  the  process  recycle  gas  compressors. 

Finished  grinding  char. 

Depressured  the  system  due  to  leaks. 

Pressured  up  the  system. 

Started  the  static  pressure  test. 

Finished  the  static  pressure  test. 

Started  the  recycle  gas  compressors. 

Lit  the  process  heaters. 

System  at  250  F,  started  the  refractory  cure 

holding  period. 

Finished  the  refractory  curing  period  and 

raised  temperatures. 

System  at  700  F,  started  the  second  refractory 

cure  holding  period. 

Finished  the  refractory  curing  period, 

raising  heater  temperatures.   Started  the 

heater  differential  pressure  tests. 

Finished  the  heater  differential  pressure 

tests. 

Started  feeding  dead-burned  dolomite  to  the 

gasifier  via  F-204A,  fresh  lignite  feed 

lockhopper . 

Transferred  a  batch  of  dolomite  from  the 

gasifier  to  the  regenerator. 

Started  feeding  dead-burned  dolomite  to  the 

regenerator  via  F-206,  fresh  limestone  feed 

lockhopper. 

Initiated  solids  circulation. 

Started  solids  circulation  tests. 

Finished  the  circulation  tests  and  started  the 

lift  line  tests. 

Finished  the  lift  line  tests,  started  steam 

flow  to  the  gasifier  side  flow. 

Started  grinding  Texas  lignite. 

Started  feeding  char  to  the  gasifier. 

Found  a  leak  in  the  gasifier  overhead 

cooling  water  jacket. 

Repaired  the  jacket  leak. 

Initiated  air  flow  to  the  gasifier  side. 
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Hours 

Date 

Time 
2300 

Run 

10/25 

11 

2400 

10/26 

0400 

0 

It 

0420 

ti 

0545 

II 

0810 

II 

1355 

II 

1640 

II 

2000 

II 

2400 

10/27 

0020 

It 

2207 

42.1 

10/28 

0100-2122 

II 

2122 

65.4 

II 

2134 

II 

2225 

10/29 

0510 

Run  4 OB 

11/7 

2338 

11/8 

0140 

It 

0530 

It 

0825 

It 

0955 

It 

1150 

II 

1310 

It 

1342 

It 

2110 

11/9 


0715 


Description 

Started  char  transfer. 

NOTE:   Trouble  grinding  Texas  lignite  be- 
cause it  was  very  wet. 
Regenerator  at  1800  F. 
Lost  char  transfer. 
Regained  char  transfer. 
Initiated  steam  flow  to  the  boot. 
Started  feeding  Texas  lignite  to  the  gasifier. 
Removed  the  recycle  gas  from  the  regen- 
erator side  flow. 

Started  feeding  fresh  limestone  to  the 
system. 

NOTE:   Experienced  problems  all  day  with 
grinding  lignite. 

Began  the  air  removal  from  the  gasifier. 
Started  the  extra  N  purge  to  the  calcined 
acceptor  standleg  in  order  to  decrease  the 
gasifier  bed  density. 

Worked  on  reducing  the  gasifier  bed  density. 
Experienced  a  power  failure. 
Regained  power,  however,  unable  to  regain 
a  fluidized  regenerator  bed  due  to  a  plugged 
lift  line,  CD-208. 
Initiated  shutdown  procedures. 
Depressured  the  unit  to  dump  the  regenerator. 


Pressured  up  the  system. 
Started  the  static  pressure  test. 
NOTE:  Maintenance  had  to  tighten  several 
leaks. 

Finished  the  static  pressure  test. 
Lit  the  process  heaters  except  for  B-203 
and  B-204. 

Electricians  repaired  B-204  heater  and  it 
was  lit. 

Electricians  repaired  B-203  heater  and  it 
was  lit. 

System  at  250  F,  started  the  first  refractory 
cure  holding  period. 
Experienced  a  power  dip. 
Finished  the  refractory  cure  holding 
period,  raised  system  temperatures. 
System  at  700  F,  started  the  second  re- 
fractory cure  holding  period. 
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Hours 

Date 

Time 
1115 

Run 

11/9 

1350 

1645 

1700 

1930 

2135 

11/10 

0115 

0125 


II 

1110 

II 

1220 

II 

1345 

II 

1600 

II 

1915 

11 

2025 

II 

2143 

11/11 

0220 

It 

0315 

II 

1330 

II 

1540 

1825 


"  1915 

"  1938 

"  2000 

"  2130 

"  2140 


Description 

Finished  the  refractory  cure  holding  period, 

raised  system  pressure. 

Started  Case  1  of  the  heater  differential 

pressure  tests. 

Started  Case  2  of  the  heater  differential 

pressure  tests. 

Finished  the  heater  differential  pressure 

tests. 

Started  grinding  Texas  lignite  for  the 

preheater . 

Started  feeding  dead-burned  dolomite  to  the 

gasifier  via  F-204A,  fresh  lignite  feed 

lockhopper . 

Started  feeding  dead-burned  dolomite  to  the 

regenerator  via  F-206,  fresh  acceptor  feed 

lockhopper. 

Stopped  grinding  lignite  to  work  on  the 

roller  mill . 

Initiated  solids  circulation. 

Started  the  acceptor  circulation  tests. 

Finished  the  acceptor  circulation  tests, 

started  the  lift  line  flow  tests. 

Finished  the  lift  line  flow  tests. 

Started  grinding  Texas  lignite  for  the 

preheater. 

Initiated  steam  flow  to  the  gasifier  side. 

Started  feeding  char  to  the  gasifier  via 

F-204A. 

Initiated  air  flow  to  the  gasifier  side. 

Switched  grinding  from  Texas  lignite  to 

Velva  lignite.  All  Velva  lignite  is  going 

to  tote  bins. 

Established  char  transfer  to  the  regenerator. 

Stopped  grinding  Velva  lignite,  started 

grinding  Texas  lignite. 

Started  feeding  auxiliary  lignite  to  the 

regenerator. 

NOTE:  In  this  run,  Velva  lignite  instead  of 

Husky  char  was  used  for  the  auxiliary  fuel. 

Char  transfer  lost  due  to  depressuring  F-215, 

char  removal  lockhopper. 

Regained  char  transfer. 

Regenerator  at  1800°F. 

Fed  Texas  lignite  to  the  system. 

Fed  fresh  6X8  limestone  to  the  system. 
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Date 

Time 
1100 
1110 

Hours 
Run 

11/12 
11 

15.6 

1240 


1500 


n 

1507 

ti 

1530 

M 

1620 

11 

1640 

11 

1916 

0 

M 

2038 

ft 

2400 

4. 

7 

11/13 

0230 

II 

1230 

M 

1800 

II 

1940 

II 

2400 

28. 

7 

11/14 

0830 

II 

0915 

II 

1030 

II 

1035 

11 

1335 

II 

2400 

48. 

7 

11/15 

0120 

50 

II 

0230 

M 

0310 

II 

0345 

II 

0420 

II 

0458 

II 

0715 

It 

0845 

2400 


72.7 


Description 

Switched  grinding  from  Texas  to  Velva 
lignite. 

Brought  the  unit  into  a  holding  period.   Repairs 
needed  on  J-202,  main  air  compressor. 
Removed  air  and  all  solids  feed. 
Switched  grinding  from  Velva  to  Texas 
lignite. 

J-202  repaired,  brought  the  plant  back  to 
normal  operating  conditions. 
Stopped  grinding  lignite  for  maintenance  work. 
Started  char  transfer. 

Started  auxiliary  fuel  to  the  regenerator. 
Initiated  steam  to  the  gasifier  boot. 
Regenerator  at  1800°F. 

Started  feeding  Texas  lignite  to  the  gasifier. 
Adjusted  steam,  recycle  gas  and  air  flow  to 
the  gasifier  to  meet  desired  operating  conditions, 
Started  grinding  Texas  lignite  to  the  pre- 
heater. 

Switched  grinding  from  Texas  to  Velva  lignite. 
Stopped  grinding  for  maintenance. 
Started  grinding  Texas  lignite  for  the  pre- 
heater. 

Attempted  to  lower  char  bed  density  all  day. 
Blew  the  gasifier  interface  due  to  boot  in- 
strument problems.  Stopped  all  circulation 
and  solids  feed. 
Resumed  stone  circulation. 
Resumed  Texas  lignite  feed. 
Resumed  limestone  makeup. 
Resumed  char  transfer. 

Attempted  to  lower  the  gasifier  bed  density 
all  day. 

Lost  J-202,  main  air  compressor,  placed  plant 
on  hold. 

Stopped  grinding  lignite  for  maintenance  work. 
J-202  repaired,  started  bringing  plant  back 
to  normal  operating  conditions. 
Resumed  feeding  Texas  lignite. 
Resumed  char  transfer. 
Resumed  auxiliary  lignite  feed. 
Resumed  feeding  fresh  limestone. 
Started  grinding  Texas  lignite  for  the 
preheater. 

Continued  efforts  to  lower  the  gasifier  bed 
density. 


Hours 

Date 

Time 
2400 

Run 

11/16 

96.7 

11/17 
II 

11 

0940 
0955 
1957 

M 
II 
II 

2005 
2045 
2400 

120.7 

11/18 

0655 
2400 

144.7 

11/19 

1025 

II 
II 

1250 
1840 

II 
II 

2040 
2400 

168.7 

11/20 

Tt 

0445 
0455 

II 
It 

0810 
0930 

178.2 

II 
II 

0940 
0955 

II 
II 

1015 

1017 

II 
II 

11/21 

1121 
1155 
0620 

Description 

Continued  efforts  to  lower  the  gasifier  bed 

density. 

Stopped  grinding  lignite  for  maintenance  work. 

Started  grinding  Velva  lignite  for  the  tote  bins. 

Lost  fresh  limestone  feed  due  to  trouble 

filling  F-206. 

Resumed  fresh  limestone  feed. 

Switched  grinding  from  Velva  to  Texas  lignite. 

Continued  to  work  on  lowering  the  gasifier 

bed  density. 

Experienced  a  small  power  dip. 

Continued  working  on  the  high  gasifier  bed 

density  and  decreasing  air  to  the  gasifier. 

Stopped  grinding  Texas  lignite  to  allow 

maintenance  work. 

Started  grinding  Velva  lignite  to  tote  bins. 

Stopped  grinding  lignite  to  allow  maintenance 

work. 

Started  grinding  Texas  lignite  for  the  preheater. 
Continued  working  on  the  high  gasifier  bed 
density,  while  increasing  acceptor  circulation 
and  removing  air  from  the  gasifier. 
Stopped  grinding  lignite  for  maintenance  work. 
Stopped  overhead  circulation  for  a  short 
period  in  an  attempt  to  lower  the  gasifier  bed 
density. 

Started  grinding  Texas  lignite  for  the  preheater 
Experienced  an  upset  in  the  gasifier  boot, 
switched  LCV-2003  to  manual  control. 
Stopped  grinding  lignite  for  the  preheater. 
Stopped  acceptor  circulation  and  fresh 
lignite  feed. 

Blew  the  gasifier  interface. 
Shut  off  fresh  limestone  feed  to  the  re- 
generator. 

Blew  the  gasifier  interface  again. 
Started  shutdown  procedures. 
System  depressured. 
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4   RESULTS  AND  DISCUSSION 

4.1  BACKGROUND 

Prior  to  these  two  runs,  Texas  lignite  and  never  been  used  as 
a  gasifier  feedstock.   Preliminary  analyses  of  the  lignite  indicated 
that  it  was  low  in  sodium  (0.6  weight  percent  Na-0  in  the  sulfur- 
free  ash)  so  the  "standard"  startup  procedure  was  used.   These  analysis 
also  revealed  the  presence  of  large  amounts  of  ash  in  the  lignite  (11.9 
percent  on  a  sulfur-free  basis)  and  that  the  ash  contained  substantial 
amounts  of  silica  (59.2  percent  on  a  sulfur-free  basis). 

The  only  previous  feedstock  with  a  similar  analyses  was  Husky 
char.   The  last  time  that  Husky  char  had  been  fed  to  the  gasifier 
for  an  extended  period  was  in  Run  35.   In  this  run  intermediate  fines 
accumulated  in  the  gasifier  char  bed  and  inhibited  acceptor  showering, 
making  it  very  difficult  to  remove  all  the  air  from  the  gasifier.   It 
was  hoped  that  the  purge  installed  on  the  upper  acceptor  standleg  during 
Run  39  would  strip  the  fines  from  the  standleg  and  trap  them  in  the  regen- 
erator. As  in  Run  39  the  fresh  acceptor  makeup  rate  would  be  increased 
to  900  LB/HR  in  order  to  increase  the  acceptor  withdrawal  rate  from  the 
regenerator  and  remove  more  fines. 

4.2  ACCOMPLISHMENTS 

4.2.1  Major  Operational  Achievements 

The  pilot  plant  operations  for  Run  40A  and  40B  are  summarized 
below: 

SUMMARY  OF  PLANT  OPERATIONS 

HOURS  OF  OPERATION 

Texas     Fresh 
Acceptor    Process     Lignite   Acceptor 
Run   Circulation  Conditions    Feed      Makeup 

40A       85        66        55        49 

40B       238        194        192        190 

In  addition  to  the  above  accomplishments.  Run  40B  provided  two 
other  successes.   In  that  run  two  balance  periods  of  17.5  and  12  hours 
respectively  were  obtained  in  which  the  pilot  plant  was  at  steady-state 
conditions.   Run  40B  also  successfully  demonstrated  that  dried  lignite 
could  be  reliably  burned  in  the  regenerator.   Throughout  the  run  Velva 
lignite  was  used  as  auxiliary  fuel  and  no  ill  effects  were  observed. 
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4.2.2  Plant  Data 

The  pertinent  data  for  both  runs  is  presented  in  Tables  40-1 
through  40-22.   Operating  conditions  are  shown  in  Tables  40-1  through 
40-4.   Feedstock  composite  analyses  are  presented  in  Tables  40-5  and 
40-6.   Effluent  and  circulated  process  stream  solids  analyses  are 
shown  in  Tables  40-7  through  40-20.   Pressure  balance  data  and  calcu- 
lated pressure  balances  are  given  in  Table  40-21  for  Run  40B.   Loca- 
tions and  elevations  of  the  pressure  points  are  shown  in  Figure  40-1. 
The  raw  pressure  balance  data  was  corrected  as  described  in  the  Run 
17  report  and  forced  to  converge  as  explained  in  the  Run  28  report. 
Preheats  of  the  feed  streams  are  given  in  Table  40-22  for  the  two  balance 
periods  in  Run  40B. 

4.2.3  Activity 

The  acceptor  activity  is  defined  as  the  moles  of  active  calcium 
oxide  per  mole  of  calcium  in  the  stone.  The  activity,  which  serves  as 
a  measure  of  the  acceptor's  ability  to  react  with  CO^,  is  plotted  as  a 
function  of  time  in  Figure  40-2.   Run  40B  was  of  sufficient  length  to 
allow  the  complete  change  out  of  dead-burned  dolomite.   The  activity  for 
this  run  was  in  the  range  of  .16  to  .18  which  is  higher  than  the  .10  to 
.13  range  normally  encountered.   The  reduced  circulation  rate  during  this 
run  increased  the  acceptor  residence  time  in  the  gasifier  and  thus 
the  activity.   In  addition,  a  higher  fresh  acceptor  makeup  rate  of  900 
LB/HR  was  used  during  this  run.   The  higher  rate  decreased  the  average 
age  of  the  acceptor  particles  and  thus  tended  to  increase  the  measured 
activity. 

4.3    PROBLEMS 

4.3.1  Deposits 

After  Run  403  deposits  were  found  in  both  the  gasifier  and  the 
regenerator.   The  gasifier  deposit  was  located  in  the  lower  portion  of 
the  boot.   This  deposit  was  made  of  active  acceptor  and  dead -burned  dolo- 
mite.  As  in  previous  runs,  the  deposit  formed  a  natural  outlet  to  the 
acceptor  standleg.   A  portion  of  the  deposit  was  found  above  the  bottom 
head  flange.   This  deposit  may  have  been  the  cause  of  the  erratic  boot 
dP's  noted  during  the  run.   Although  the  dP's  spiked  and  behaved  abnor- 
mally, there  was  no  great  problem  in  controlling  the  char-acceptor  inter- 
face. 

In  general,  the  gasifier  boot  deposit  was  typical  of  deposits 
found  after  previous  runs.   These  deposits  are  thought  to  be  due  to  the 
formation  of  dead  areas  in  the  boot  section  which  are  caused  by  poor 
gas  distribution.   An  attempt  will  be  made  in  the  next  run  to  correct 
this  situation  with  the  installation  of  a  differently  designed  boot  gas 
distributor. 
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The  regenerator  was  found  to  contain  a  hard  acceptor  deposit 
on  top  of  the  gas  distribution  ring.  The  deposit  was  about  four-inches 
thick  at  the  ring  and  gradually  tapered  down  to  nothing  about  two  feet 
above  the  ring.   Some  hard  chunks  of  acceptor  were  found  laying  in  the 
coned  bottom  of  the  regenerator  near  the  lift  line  inlet.  None  of  the 
deposits  found  after  the  shutdown  appeared  to  have  had  a  serious  effect 
on  operations.  All  deposits  formed  in  dead,  nonfluidized  zones  in  the 
reactors. 

4.3.2  Intermediate  Fines  and  High  Bed  Density 

The  major  problems  faced  during  these  runs  was  a  gasifier  char 
bed  density  between  44  and  48  LB/FT  .  The  high  bed  density  limited  the 
acceptor  circulation  rate  to  such  an  extent  that  11,000  to  12,000  SCFH 
of  air  had  to  be  injected  into  the  gasifier  to  maintain  the  desired  tem- 
perature. Three  factors  apparently  combined  to  cause  the  high  density. 
They  are:   (1)  an  accumulation  of  intermediate  fines  in  the  bed;  (2)  a 
high  char  particle  density;  and  (3)  a  low  limestone  particle  density. 

The  percentage  of  intermediate  fines  in  the  gasifier  char  bed 
is  plotted  in  Figure  40-3.  From  this  graph  it  is  apparent  that  the 
fines  rapidly  accumulated  in  the  gasifier  until  over  twenty  percent  of 
the  bed  consisted  of  -20  mesh  acceptor  material.  The  source  of  the 
fines  was  the  high  percentage  of  ash  (12  to  15  percent  including  SO  ) 
in  the  Texas  lignite  as  compared  to  a  typical  6  to  8  percent  in  other 
coals.  This  ash  was  very  rich  in  silica  which  has  caused  problems  in 
previous  runs.  The  silica  forms  particles  which  are  too  big  and  dense 
to  be  blown  overhead  from  either  the  regenerator  or  the  gasifier  and  are 
too  small  to  shower  through  the  boot  with  the  acceptor.  With  low  silica 
coals  such  as  Velva  lignite,  fines  normally  accumulate  until  they  make 
up  only  ten  percent  of  the  bed. 

After  Run  40A  indicated  problems  with  intermediate  fines  an 
attempt  was  made  to  screen  out  the  -1/4  inch  portion  of  the  coal  stock- 
pile which,  based  on  a  few  samples,  was  exceptionally  rich  in  ash.  The 
screening  helped  reduce,  but  did  not  eliminate,  the  accumulation  of  fines 
Two  other  methods  of  controlling  the  accumulation  of  intermediate  fines 
were  tried  without  success.  The  fresh  acceptor  makeup  rate  was  increased 
to  900  LB/HR  to  force  the  removal  of  a  larger  share  of  the  intermediate 
fines  from  the  regenerator.  A  nitrogen  purge  was  placed  in  the  calcined 
acceptor  standleg  to  try  and  strip  the  fines  from  the  acceptor  and  con- 
centrate them  in  the  regenerator.  There  they  would  be  removed  with 
spent  acceptor  which  is  continually  purged  from  the  system. 

Though  these  measures  appeared  to  help  control  the  intermediate 
fines  in  Run  39,  they  did  not  succeed  in  this  run.   Perhaps,  due  to 
differences  in  the  coal  ash  and  rates  of  acceptor  attrition,  the  fines 
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in  Run  40  are  significantly  different  from  those  in  Run  39.   Differ- 
ences in  average  density  or  diameter  of  the  two  types  of  fines  might 
have  been  enough  to  prevent  stripping  of  the  Run  40  fines  from  the 
acceptor  in  the  standleg. 

The  second  factor  responsible  for  the  high  bed  density  was  the 
char  particle  density.   Though  it  has  not  yet  been  proven  by  laboratory 
analysis  that  the  char  particle  density  was  higher  than  usual,   there 
exists  strong,  indirect  evidence  from  the  plant  operation  to  this  effect. 
In  all  previous  runs  using  Velva  and  Glenharold  lignites  and  Rosebud 
and  Wyodak  subbituminous  coals,  the  gasifier  char  bed  density  had  dropped 
after  the  Husky  char  used  for  startup  was  replaced  with  the  desire^  feed. 
Normally,  the  drop  in  density  was  from  the  range  of246  to  50  LB/FT 
while  using  Husky  char  to  a  range  of  32  to  38  LB/FT  while  feeding 
the  other  coals.   However,  during  Run  40A  the  bed  density  never  decreased 
below  41  LB/FT  ,  and  in  Run  40B  the  density  dropped  below  40  LB/FT  only 
when  the  acceptor  circulation  was  cut  to  very  low  levels,  approximately 
4,000  LB/HR.   Tedious  laboratory  work  is  required  to  separate  the  char 
particles  from  the  acceptor  in  the  gasifier  bed  samples  before  the  char 
particle  density  can  be  measured. 

The  final  factor  causing  a  high  bed  density  was  an  extremely 
low  acceptor  particle  density.   During  the  final  part  of  the  run,  the 
particle  density  averaged  110  LB/FT  and  the  acceptor  bed  density  in  the 
boot  was  about  51  LB/FT  .   Low  acceptor  densities  have  been  encountered 
in  previous  runs  using  subbituminous  coals.   In  those  runs  as  in  Run  40 
the  low  density  was  accompanied  by  the  formation  of  a  thin  acceptor 
shell.   Normally,  the  acceptor  forms  a  thick  shell  due  to  interaction 
with  the  coal  ash. 

One  might  wonder  how  it  was  possible  to  maintain  the  char- 
acceptor  interface  necessary  for  process  control  when  the  acceptor  bed 
density  was  down  to  51  LB/FT  and  the  char  bed  density  approached  48 
LB/FT  .   In  previous  runs  the  plant  had  not  been  able  to  operate  with 
these  "degenerate"  conditions.   However,  in  this  run  about  37,000  SCFH 
of  air  and  steam  were  injected  into  the  side  of  the  gasifier  to  main- 
tain process  temperatures.   This  flow  when  combined  with  the  flow  from 
the  boot  was  enough  to  strip  the  char  from  the  acceptor  and  prevent 
the  transfer  of  char  through  the  spent  acceptor  standleg.  Thus,  it 
was  possible  to  keep  the  acceptor  lift  line  and  regenerator  tempera- 
tures under  control.   The  plant  did  not  operate  for  an  extended  period 
at  these  conditions  due  to  the  internal  cyclone  failure.   It  is  possible 
that  continued  operation  at  such  a  high  char  bed  density  might  cause 
bridging  in  the  bed  and  unstable  acceptor  transfer.  On  the  other  hand, 
the  velocity  in  the  transition  section  might  be  high  enough  to  prevent 
this  bridging  from  occurring.   Further  operation  at  these  conditions 
is  required  for  a  complete  explanation. 
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FUTURE  PLANS 


Two  major  mechanical  modifications  will  be  made  to  the  plant 
prior  to  the  next  run.  A  ceramic-lined  acceptor  lift  line  and  a  new 
gasifier  boot  flow  distributor  will  be  installed.  The  lift  line  is 
intended  primarily  as  a  safety  precaution  so  that  air  can  be  used  as 
the  acceptor  lift  gas.  The  line  is  designed  to  withstand  transient 
temperatures  of  up  to  3400  F.  However,  air  will  not  be  used  as  the 
lift  gas  until  the  regenerator  diameter  is  reduced  from  33  to  24  inches, 

The  new  boot  distributor  which  uses  a  center  withdrawal  of 
acceptor  through  the  distributor  ring  should  eliminate  the  dead  spots 
and  deposits  which  have  previously  formed  in  the  bottom  of  the  boot. 
This  could  also  improve  the  gas  distribution  pattern  in  the  boot.  The 
purpose  of  the  next  run  will  be  to  test  the  operation  of  the  new  dis- 
tributor and  the  new  lift  line.   Wyodak  subbituminous  coal  will  be  used 
for  both  the  gasifier  feedstock  and  as  the  auxiliary  fuel  to  the  regen- 
erator. 
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0, 
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ime 

s 

croen 

Size,    Wt 

Tyl( 

3r 
k3E 

Mesh 

35 

X 

48 

43 

X 

65 

65 

X 

100 

100 

X 

200 

200 

X 

325 

-.' 

Ul 

) 

10/26/76   ^~  10/27/76  -^-     ^-  10/28/76  -*. 
191S    0150   0945    1745   0210   1015   1505 


0.1     Tr  Tr     0      Tr  0      0 

0.1     7.2  Tr     0.4    0.1  0.1    Tr 

0.]     Tr  Tr     0.1    Tr  4.5    1.0 

6.5     6.6  6.8    5.6    6.6  5.8    5.4 

33.4  29.0  28.6  27.7  29.0  31.2  28.5 

20.0  14.6  26.6  21.6  29.2  23.4  17.7 

39.8  42.5  37.9  44.5  35.0  35.1  47.3 


Ultimate  Analysis,  Wt  % 

C  62.61  55.12  51.53  51.36 

II  0.91  0.99  0.80  0.75 

?^I  0.24  -  0.28  0.28 

Total  S  0.77  0.92  0.84  0.77 

Ash  +  SO  34.35  4  2.60  46.76  46.75 

iilemental  Analysis,  Wt  % 

Si02  44.90  49.35  53.65  50.86 

SO3  5.55  5.51  4.69  3.90 

.MaoO  2.76  0.65  0.28  0.19 

CaO  21.71  21.81  21.88  24.07 

MgO  6.82  5.38  3.74  4.46 

KoO  0.44  0.22  0.14  0.10 

A1^03  9.92  10.11  7.88  3.04 

FeoOs  7.1'>  6.02  6.69  7.05 

PoOr  O.ns  0.03  0.03  0.03 

Ti07  0.62  0.63  0.65  0.68 


54. 

71 

55.33 

0. 

78 

0.91 

- 

0.27 

0. 

,61 

0.69 

42, 

.76 

42.74 

49. 

,10 

45.87 

3. 

,66 

3.87 

0. 

,20 

0.34 

26. 

,04 

28.86 

4, 

,89 

5.06 

0. 

,12 

0.20 

7, 

.48 

8.77 

7, 

.08 

6.04 

0, 

.03 

0.03 

0, 

.86 

0.78 

Table  40-13.  GASIFIER  CHAR  TO  EXTERNAL  CYCLONE  TOR  RUN  40A 
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Date 


10/26/76    10/27/76    10/28/76 


Screen  Size,  Wt  % 

Tyler  Mesh 
+  35 

35  X 

48 

48  X 

65 

65  X 

100 

100  X 

200 

200  X 

325 

-325 

Ultimate 

Analysis,  Wt  ' 

C 

H 

N 

Total  : 

3 

Ash  +  ; 

30, 

Elementa 

1  Analysis,  Wt 

Si02 
SO  3 
Na20 
CaO 

MgO 

K2O 

AI2O3 

Fe203 

P2O5 

Ti02 

0 

1.8 

9.5 
13.4 
39.0 
32.4 

3.9 


56.00 
1.12 
0.45 
1.03 

43.21 


45.57 
4.67 
0.45 

24.09 
2.84 
0.20 

12.50 
8.35 
0.14 
0.66 


3.3 
13.0 
15.6 
10.8 
20.0 
28.9 

3.5 


48.90 
0.95 
0.38 
0.91 

44.18 


45.12 
5.26 
0.12 

23.82 
2.88 
0.30 

12.86 
7.56 
0.15 
0.74 


0. 

4 

16. 

7 

17. 

2, 

13. 

8 

28. 

8 

22. 

1 

1. 

0 

53. 

26 

1. 

,00 

0. 

,33 

0, 

,64 

42, 

.95 

44, 

.60 

3 

.86 

0, 

.61 

26, 

.20 

3 

.57 

0 

.30 

12 

.10 

7 

.64 

0 

.10 

0 

.72 

Table  40-15.  GASIFIER  QUENCH  TOWER  SOLIDS  FOR  RUN  40A 
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Date  -^ 10/27/76  ^      -«^  10/28/76  -e* 

Time  0430   1130   1230   1800   0200   1015   1420 

Hopper  B      A      B      B      B      B      A 


Screen  Size,  Wt  % 

Tyler  Mesh 

+35 

Tr 

0 

0.2 

1.0 

0.2 

0.2 

Tr 

35  X  48 

2.8 

0. 

1 

4.7 

6.0 

4.4 

4.3 

0.9 

48  X  65 

Tr 

T^ 

S.2 

12.S 

0.6 

7.8 

2.1 

65  X  100 

20.5 

\ 

19.6 

18.4 

24.5 

12.4 

3.7 

100  X  200 

26.6 

5. 

) 

24.7 

22.8 

23.2 

18.1 

8.3 

200  X  325 

14.3 

6. 

0 

12.9 

10.0 

11.0 

12.4 

6.6 

-325 

35.7 

86. 

3 

29.7 

29.1 

36.3 

44.9 

78.3 

Ultimate  Analysis,  Wt  % 

Sulfide 

- 

- 

- 

- 

- 

- 

- 

C 

4.54 

7. 

S3 

6.98 

8.55 

8.15 

10.59 

7.16 

n 

0.21 

n  ^ 

'.0 

0.20 

0.22 

0.17 

0.11 

0.21 

N 

0.04 

0. 

')3 

0.06 

0.03 

0.05 

0.07 

0 .  05 

Total  S 

2.37 

2. 

01 

1.78 

1.86 

1.99 

2.85 

3.26 

Ash  +  SO, 

96.75 

98. 

30 

96.08 

96.43 

96.19 

93.69 

98.74 

Elemental  Analysis,  IVt  % 

Si09 

36.07 

24. 

;-.5 

35.06 

36.15 

35.53 

30.71 

25.38 

303" 

6.20 

V 

01 

4,60 

4.84 

5.08 

7.55 

8.20 

Na20 

0.84 

0. 

'.)i 

0.63 

0.40 

0.47 

0.45 

0.57 

CaO 

39.62 

40. 

38 

39.49 

42.05 

43.48 

44.47 

45.44 

MgO 

6.63 

7. 

11 

5.28 

5.03 

5.46 

4.89 

7.00 

K2O 

0.28 

0. 

>7 

0.22 

0.13 

0.15 

0.18 

0.24 

AI2O3 

4.50 

10. 

"6 

9.64 

7.09 

7.44 

7.52 

8.14 

Fe203 

4.99 

7. 

45 

4.25 

3.88 

3.70 

3.51 

3.70 

P2O5 

0.04 

0. 

05 

0.07 

0.05 

0.17 

0.03 

0.02 

Ti02 

0.50 

0. 

71 

0.62 

0.56 

0.50 

0.54 

0.67 

Table  40-19.  ASH  AND  ATTRITED  ACCEPTOR  FOR  RUN  40A 
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RUN  41 


RUN  41A  DECEMBER  10  TO  DECEMBER  17,  1976 
RUN  41B  DECEMBER  22  TO  DECEMBER  29,  1976 


CO  ACCEPTOR  PROCESS  GASIFICATION 

PILOT  PLANT 

RAPID  CITY,  SOUTH  DAKOTA 
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1   SUMMARY 


Run  41  was  comprised  of  two  runs.  Runs  41A  and  41B.   These  runs 
were  attempts  to  achieve  the  primary  objectives  of  (1)  testing  the  rugged- 
ness  of  the  newly  installed  refractory-lined  acceptor  lift  line,  and  (2) 
demonstrating  technical  feasibility  for  the  CO  Acceptor  Process  using 
Wyodak  subbituminous  coal  as  feedstock  and  Minnekahta  limestone  as 
acceptor.   The  second  objective  was  not  accomplished  due  to  premature 
run  shutdowns  for  both  runs.  However,  the  first  objective  was  achieved. 
During  both  Runs  41A  and  41B,  the  new  line  performed  perfectly.   Inspec- 
tion of  the  line  after  each  run  revealed  it  to  be  in  excellent  condition. 
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2   TEST  DATA 

Run  41  data  are  presented  graphically  and/or  tabularly  at  the 
end  of  this  run  report.  These  figures  and  tables  include: 

Page 

Figure  41-1.  Differential  Pressure  Transmitter  Location 248 

for  Pressure  Balance  Calculation 

Figure  41-2.   Lift  Line  Construction  •  •  • ^'^^ 

Figure  41-3.  Boot  Distributors  250 

Figure  41-4.  Gasifier  Boot  Ring  Distributor  Design  251 

Table  41-1.  Gasifier  Data,  Run  41A 252 

Table  41-2.  Regenerator  Data,  Run  41A 253 

Table  41-3.  Gasifier  Data,  Run  41B 254 

Table  41-4.  Regenerator  Data,  Run  41B 255 

Table  41-5.  Feedstock  Composites,  Run  41B 256 

Table  41-6.  Circulating  Acceptor,  Calcined  Acceptor  to  257 

Gasifier,  Run  41A 

Table  41-7.  Circulating  Acceptor,  Calcined  Acceptor  to  258 

Gasifier,  Run  41B 

Table  41-8.  Circulating  Acceptor,  Recarbonated  Acceptor 259 

from  Gasifier,  Run  41A 

Table  41-9.  Circulating  Acceptor,  Recarbonated  Acceptor 260 

from  Gasifier,  Run  41 B 

Table  41-10.  Gasifier  Char  Bed  Material,  Run  41A 261 

Table  41-11.  Gasifier  Char  Bed  Material,  Run  41B  (3  sheets) 262 

Table  41-12.  Reject  Acceptor  Withdrawal,  Run  41A  265 

Table  41-13.  Reject  Acceptor  Withdrawal,  Run  41B  266 

Table  41-14.  Ash  and  Attrited  Acceptor,  Run  41A 267 

Table  41-15.  Ash  and  Attrited  Acceptor,  Run  41B 268 

Table  41-16.  Gasifier  Char  to  External  Cyclone,  Run  41A 269 

Table  41-17.  Gasifier  Char  to  External  Cyclone,  Run  41B 270 

Table  41-18.  Gasifier  Quench  Tower  Solids  Composites,  Run  41B 271 

Table  41-19.  Pressure  Balance  Data,  Run  41B 272 
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3   SIGNIFICANT  EVENTS  AND  OBSERVATIONS 

3.1    TABULAR  HISTORY  OF  RUNS  41A  AND  418 

3.1.1  Objectives 

The  goals  of  both  segments  of  Run  41  were: 

(1)  To  test  the  new  refractory  lined  acceptor  lift  line. 

(2)  To  demonstrate  technical  feasibility  of  the  process  using  a  sub- 
bituminous  coal  feedstock. 

(3)  To  test  coal  as  the  auxiliary  fuel  feed  to  the  regenerator. 

3.1.2  Accomplishments 

(1)  The  new  acceptor  lift  line  proved  satisfactory.  There  was  no 
major  deterioration  of  the  refractory  liner. 

(2)  Raw  Wyodak  subbituminous  coal  was  fed  to  the  regenerator  as  auxil 
iary  fuel  for  the  first  time  during  Run  41A.   Subbituminous  coal 
was  again  used  in  Run  41B.   The  switch  to  the  coal  did  not  cause 
any  regenerator  slag  or  deposit  formations,  nor  were  there  any 
operating  problems  associated  with  its  use. 

3.1.3  Termination  Causes 

Run  41A 

Solids  transfer  out  of  the  gasifier  boot  was  lost  and  could  not 
be  regained.  The  loss  of  circulation  was  due  to  the  blockage  of 
the  recarbonated  acceptor  standleg  by  a  chunk  of  agglomerated 
dead-burned  dolomite  deposit. 

Run  41B 

Shortly  after  all  recycle  gas  flow  to  the  gasifier  boot  was 
replaced  with  steam,  the  control  of  the  char-acceptor  inter- 
face became  unstable.   During  attempts  to  stabilize  the  inter- 
face, a  gasifier  boot  upset  occurred  which  led  to  the  termina- 
tion of  the  run. 

3.1.4  Mechanical  Problems 

There  were  no  major  mechanical  problems  with  the  plant. 
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3.1.5  Major  Changes  Made  Prior  to  Run  41 


(1)  Replaced  the  existing  acceptor  lift  line  with  a  new  refractory 
lined  lift  line. 

(2)  Extensively  modified  the  boot  gas  distributor  and  acceptor  with- 
drawal. The  flat  plate  distributor  and  side  withdrawal  were  re- 
placed with  a  ring  distributor  and  center  withdrawal. 

3.1.6  Process  Problems 

The  gasifier  boot  instability  which  occurred  during  Run  41B  was 
the  only  process  problem  experienced.   The  cause  of  this  instability  is 
being  investigated  and  may  be  related  to  either  stickiness  of  acceptor 
due  to  the  high  steam  partial  pressure  in  the  boot  or  to  the  low  density 
of  the  acceptor  particles. 
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CHRONOLOGY  OF  OPERATIONS 


3.2.1 

Run  41/ 

^ 

Hours 

Date 

Time 

Run 

12/10 

1620 

-126.2 

Tl 

1900 

12/11 

0310 

-115.3 

M 

0610 

11 

1330 

12/13 

0130 

-69.0 

12/14 

0110 

0625 


It 

1550 

»l 

1810 

II 

1930 

»l 

2210 

/15 

0010 

II 

0650 

It 

1120 

It 

1930 

•30.7 


-22.3 


■3.0 


Description 

Started  pressuring  up  the  system. 
Started  the  static  pressure  test. 
Finished  the  static  pressure  test. 
Started  the  recycle  gas  compressors. 
Lit  all  process  heaters. 
Started  the  refractory  cure  holding 
period  at  250  F. 

Finished  the  refractory  cure  holding 
period. 

Started  filling  the  gasifier  with  dead- 
burned  dolomite  via  F-204A,  fresh  lig- 
nite feed  lockhopper. 
Began  feeding  dead-burned  dolomite  to 
the  regenerator  via  F-206,  fresh  acceptor 
feed  lockhopper. 

Started  the  solids  circulation  tests. 
Started  the  gas  circulation  tests. 
Started  the  gasifier  boot  distributor 
flow  tests. 

Started  steam  to  the  gasifier  side  flow. 
Began  filling  the  gasifier  with  char  via 
F-204A. 

Introduced  air  to  the  gasifier  side  flow. 
Started  steam  to  the  gasifier  boot. 
Established  char  transfer  to  the 
regenerator. 
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Date 


Time 


12/15   2107 

2230 
12/16   0520 

"     0810 


ti 

1230 

12/18 

0330 

3.2.2 

Run  41B 

mil 

1310 

II 

1800 

II 

1830 

12/23 

0100 

11 

0300 

II 

0700 

0808 


II 

1000 

II 

1115 

II 

1145 

tl 

1400 

It 

1700 

/24 

1600 

2125 


12/25  0405 

"  0510 

"  0700 

"  0840 


Hours 
Run 


0 
6.8 

9.7 


tt 

0835 

II 

1120 

II 
II 

2115 

2200 

22.8 

12/17 

0435 

30.1 

38.0 


■83.8 
■78.5 


■64.9 


•61.8 


•33.0 


■19.8 


Description 

Began  feeding  auxiliary  fuel  to  the 

regenerator. 

Regenerator  at  1800°F. 

Began  feeding  Wyodak  subbituminous  coal 

to  the  gasifier  via  F-204A. 

Filled  F-206,  fresh  acceptor  lockhopper, 

with  6X8  limestone. 

Initiated  CO  flow  to  the  gasifier  boot. 

Began  air-steam-recycle  gas  flow  changes 

to  the  gasifier. 

Experienced  gasifier  boot  upset. 

Recovered  from  upset. 

Experienced  another  upset  in  the  gasifier 

boot.   Unable  to  transfer  solids  out  of 

LCV-2003.  Stopped  overhead  transfer 

and  lignite  makeup. 

Unable  to  regain  transfer  through  LCV-2003, 

Initiated  shutdown  procedures. 

System  depressured. 


Pressured  up  the  system. 
Started  the  static  pressure  test. 
Finished  the  static  pressure  test. 
Started  all  recycle  gas  compressors. 
Lit  all  process  gas  heaters. 
Started  the  refractory  cure  holding  period 
at  250°F. 

Depressured  due  to  a  plug  in  the  char 
lift  line,  CO-204. 
Pressured  up  the  system. 
Started  all  the  recycle  gas  compressors. 
Lit  all  process  gas  heaters. 
Started  the  250  F  refractory  cure  holding 
period. 

Finished  the  refractory  cure  holding 
period. 

Started  filling  the  gasifier  with  dead- 
burned  dolomite  via  F-204A,  the  lignite 
feed  lockhopper. 

Started  feeding  dead-burned  dolomite  to  the 
regenerator  via  F-206,  fresh  acceptor 
lockhopper. 

Started  circulating  dead -burned  dolomite. 
Started  the  solids  circulation  tests. 
Started  the  lift  line  gas  flow  tests. 
Started  the  gasifier  boot  distributor 
fluidization  tests. 
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Date 


Time 


Hours 
Run 


12/25   1053 
•'     1145 


12/26 


12/27 
12/28 


12/29 


1520 
1820 
2030 
2325 

0100 
0600 

1235 
1355 

1200 
0145 

1330 
1650-1920 


2325 

2327 
0120 

1100 


0.0 


11.6 


35.0 


60.5 


70.5 


82.0 


Description 

Initiated  steam  flow  to  the  gasifier  side. 
Started  feeding  char  to  the  gasifier  via 
F-204A. 

Initiated  air  flow  to  the  gasifier  side. 
Initiated  steam  flow  to  the  gasifier  boot. 
Established  char  transfer. 
Initiated  auxiliary  char  feed  to  the 
regenerator. 
Regenerator  at  1800  F. 
Began  feeding  Wyodak  subbituminous  coal 
to  the  gasifier  via  F-204A. 
Filled  F-206  with  fresh  6X8  limestone 
Started  the  air-steam-recycle  gas  changes 
to  the  gasifier. 

All  air  flow  out  of  the  gasifier  side. 
FI-2075  plugged  causing  a  surge  of  char 
to  the  regenerator. 

All  recycle  gas  out  of  the  gasifier  boot. 
Gasifier  interface  control  is  erratic. 
Shifted  steam  flow  from  the  side  to  the 
boot  in  an  attempt  to  straighten  out  the 
boot. 

Plant  pressure  balance  swung  and  the  gasi- 
fier interface  control  deteriorated. 
Blew  the  gasifier  interface. 
Unable  to  reestablish  the  gasifier  interface, 
initiated  plant  shutdown  procedures. 
System  depressured. 
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RESULTS  AND  DISCUSSION 


4 . 1    BACKGROUND 

The  original  acceptor  lift  line  which  conveys  recarbonated  ac- 
ceptor from  the  gasifier  to  the  regenerator  was  constructed  with  a  high- 
alloy  process-containing  liner  which  was  surrounded  by  insulation.  The 
liner  and  insulation  were  then  contained  in  a  carbon  steel  pressure  shell. 
This  was  a  rugged  design  which  was  expected  to  withstand,  better  than  a 
refractory  design,  the  many  heatups  and  cooldowns  anticipated  in  the 
pilot  plant  operation.  Recycle  regenerator  flue  gases  were  used  to  con- 
vey recarbonated  acceptor  through  the  lift  line.   When  these  gases  are 
reducing  and  contain  no  oxygen,  combustion  in  the  lift  line  of  any  char 
that  might  accompany  the  recarbonated  acceptor  cannot  take  place.  With 
the  metal  liner  design,  combustion  was  to  be  avoided  in  order  to  prevent 
line  failures  such  as  occurred  during  Run  3  when  a  char  acceptor  mixture 
was  transferred  to  the  regenerator. 

During  the  past  years  of  operation,  the  metal  lift  line  has  per- 
formed well.  However,  commercial  CO^  Acceptor  Process  designs  require 
the  use  of  air  and  not  recycle  gas  to  convey  recarbonated  acceptor.  For 
this  application,  a  refractory  lift  line  design  is  required  because  of 
possible  high  temperatures  should  char  and  acceptor  be  transferred  to- 
gether during  plant  upsets.   In  anticipation  of  demonstrating  the  use  of 
air  lift,  a  refractory  lift  line  was  designed  and  installed  prior  to  Run 
41.  The  primary  purpose  of  the  run  was  to  determine  if  there  were  any 
major  mechanical  problems  with  the  lift  line  design.   Because  the  line 
could  be  heated  to  the  normal  operating  temperatures  of  1200  to  1500  F 
with  recycle  gas,  a  conservative  approach  was  taken  and  no  air  was  ad- 
mitted to  the  line  during  the  run. 

Run  41  also  afforded  an  opportunity  to  demonstrate  technical 
feasibility  of  the  CO  Acceptor  Process  using  Wyodak  subbituminous  coal 
as  feedstock  and  Minnekahta  limestone  as  acceptor.   During  Run  38  heat 
and  material  balances  were  obtained  for  this  combination  of  feedstock 
and  acceptor.   However,  air  had  to  be  injected  into  the  gasifier  during 
the  balance  periods.   The  acceptor  tended  to  hold  up  in  the  gasifier 
char  bed  because  the  acceptor  particle  density  was  low.   The  acceptor 
holdup  increased  the  char  bed  density.   Sufficient  acceptor  circulation 
to  maintain  the  char  bed  temperature  could  not  then  be  achieved. 

Low  equilibrium  acceptor  particle  density  appears  to  be  associated 
with  the  use  of  Wyodak  coal  as  feedstock.   To  improve  the  chances  of 
obtaining  stable  operating  periods  without  the  need  for  gasifier  air 
injection,  the  acceptor  makeup  was  increased  from  the  normal  560  pounds 
per  hour  to  840  pounds  per  hour,  and  a  new  boot  gas  distributor  was 
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Installed.   The  higher  acceptor  makeup  rate  was  expected  to  improve 
purging  of  intermediate  fines  which  made  their  way  into  the  regenerator 
and  to  provide  a  higher  equilibrium  acceptor  activity  which  would  lessen 
the  actual  pounds  of  acceptor  circulation  required.   The  new  boot  dis- 
tributor was  designed  to  minimize  dead  spots  in  the  boot  and  to  provide 
better  gas  distribution.   If  the  char-acceptor  interface  could  thereby 
be  further  stabilized,  perhaps  acceptor  showering  would  also  be  improved, 

4.2    ACCOMPLISHMENTS 

The  hours  of  plant  operation  for  Runs  41A  and  41B  are  summarized 


below: 


Hours  of  gasification  without  air  flow 
to  the  gasifier 

Hours  of  gasification  without  recycle 
flow  to  the  gasifier 

Hours  at  system  pressure 

Hours  at  process  temperatures 


Run  41A  Run  41B 

0  35.5 

0  10 
153.5     133 
30        70.5 


Hours  with  Wyodak  subbituminous  feed         23       65.5 

Hours  with  active  Minnekahta  limestone 

feed  20       59 

Hours  of  acceptor  circulation  61       91.5 

Although  air  was  removed  as  a  source  of  gasifier  heat  during  Run 
41B,  neither  run  was  sufficiently  long  to  allow  changeout  of  the  original 
dead-burned  dolomite  inventory  and  to  establish  truly  steady-state  op- 
erating conditions.   The  runs  did  demonstrate  the  operability  of  the  new 
acceptor  lift  line. 

4.3    PLANT  DATA 

The  pertinent  data  for  Runs  41A  and  418  are  presented  in  Tables 
41-1  through  41-19.  Operating  conditions  are  shown  in  Tables  41-1  through 
41-4.  The  feedstock  composite  analyses  are  presented  in  Table  41-5.  Ef- 
fluent and  process  solids  analyses  are  shown  in  Tables  41-6  through  41-18. 
The  pressure  balance  data  and  calculated  pressure  balances  are  presented 
for  Run  41B  in  Table  41-19.   Figure  41-1  is  a  schematic  which  shows  the 
locations  of  the  Table  41-19  pressure  balance  points. 
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4.4    PROCESS  MODIFICATIONS 

4.4.1  Acceptor  Lift  Line 

One  of  the  primary  objectives  of  Run  41  was  the  testing  of  the  new 
refractory  lined  acceptor  lift  line  which  was  installed  prior  to  Run 
41A.   The  previous  line  had  a  metal  liner  of  Incoloy  800  material  with 
ceramic  cones  in  the  transition  of  the  internal  slip  joints.   This  earlier 
lift  line  was  described  in  the  Run  33  report.   The  new  line  was  built  in 
six  sections  rather  than  like  the  original  line  which  had  only  two  sec- 
tions. Six  sections  were  used  to  facilitate  fabrication,  installation, 
inspection,  and  repair. 

The  new  refractory  lift  line  took  over  2  years  to  design  while 
various  materials  and  design  concepts  were  reviewed.  The  material  for 
the  liner  (the  4-inch-ID  pipe  which  contains  the  flowing  acceptor  and 
lift  gas)  must  resist  erosion  and  withstand  thermal  shock,  and  ideally, 
the  liner  material  would  also  be  an  insulating  material.  No  materials 
of  construction  were  found  to  possess  both  the  required  physical  strength 
and  low  thermal  conductivity.   Therefore,  a  two-component  system  was  de- 
signed as  shown  in  Figure  41-2. 

Two  designs  were  considered.  The  line  cores  for  both  designs  use 
1-foot  cylinders  made  from  a  special  electric  furnace  mul lite/alumina 
composition.  The  material  is  Mullfrax-202,  which  was  supplied  by  the 
Carborundum  Company.   In  one  design  the  insulating  component  between  the 
core  and  the  carbon  steel  shell  was  bubble  alumina  castable.  This  mate- 
rial offered  the  best  physical  strength  for  supporting  the  Mullfrax  core. 
The  Mullfrax  was  high  compression  strength  but  very  low  tensile  strength. 
The  bubble  alumina  would  hold  the  Mullfrax  in  compression  at  all  times 
so  that  pressure  surges  or  rapid  cooldowns  would  not  damage  the  liner. 
This  design  was  rugged;  however,  it  required  increasing  the  overall  di- 
ameter of  the  line  from  10  inches  to  18  inches  to  insure  that  the  carbon 
steel  shell  would  not  overheat.   Installation  of  the  line  would  have  re- 
quired major  revisions  in  the  pilot  plant  structure. 

A  design  which  required  the  same  size  steel  shell  as  the  existing 
10-inch  line  was  formulated.  The  insulating  material  is  a  ceramic  fiber 
known  as  Fiberfrax.  A  1-inch  layer  of  vacuum-cast  Fiberfrax  between 
the  Mullfrax  liner  and  steel  shell  provides  sufficient  insulation.  The 
Mullfrax  cylinders  which  are  2  inches  thick  are  supported  at  the  bottom 
of  each  spool  section  by  a  steel  plate  (donut)  which  is  insulated  by 
a  Fiberfrax  gasket.   This  first  Mullfrax  core  has  a  longer  male  portion 
than  normal  so  that  it  mates  flush  with  the  top  of  the  preceding  sec- 
tion. There  is  no  gap  between  sections  and  each  section  is  flush  with 
the  flange  of  the  steel  shell. 


244 


At  the  top  of  each  spool  section,  a  special  spacer  piece  is  sized 
to  fill  the  remaining  pipe,  since  each  of  the  six  sections  is  a  different 
length.  The  last  piece  has  a  long  male  portion  and  is  flush  with  the 
top  flange.   These  last  two  pieces  are  sized  to  give  a  preset  gap  which 
will  close  up  as  the  liner  is  heated  during  startup.  At  1200  F  all  gaps 
are  closed.  All  gaps  close  up  before  acceptor  is  added  to  the  system. 
During  fabrication  some  of  the  end  pieces  had  to  be  cut  to  fit. 

The  line  showed  no  appreciable  wear  after  Runs  41A  and  41B.  ■  The 
only  damages  noted  were  cracks  in  core  sections  which  had  been  drilled 
to  provide  pressure  tap  access.  Presently,  the  line  is  in  excellent 
condition. 

4.4.2  Boot  Gas  Distributor 

The  data  report  which  covers  Runs  22  and  23  contains  the  descrip- 
tion of  a  plenum  chamber  with  bubble  caps  design  for  a  gasifier  boot  gas 
distributor.  This  type  of  distributor  (shown  in  Figure  41-3)  was  used 
for  all  runs  starting  with  Run  22B  and  ending  with  Run  40B.   The  design 
provided  much  better  gas  distribution  than  earlier  designs  which  were 
tried.  However,  the  plenum  design  with  acceptor  withdrawal  at  the  vessel 
wall  had  one  bad  feature.   The  acceptor  flow  near  the  bottom  of  the  boot 
was  skewed  to  one  side.   As  shown  in  Figure  41-3,  a  nonfluidized  area 
often  formed  which  funneled  the  recarbonated  acceptor  into  the  standleg. 
Given  enough  time,  acceptor  or  dead-burned  dolomite  particles  in  the  non- 
fluidized area  would  agglomerate.  Although  the  boot  deposit  formed  a 
natural  geometry,  which  did  not  noticeably  affect  the  operation  of  the 
gasifier,  the  deposit  presented  a  potential  danger  of  breaking  apart  and 
plugging  the  acceptor  standleg. 

So,  to  further  improve  gas  distribution  and  to  minimize  the  dead 
areas  which  led  to  deposit  formation,  the  ring  distributor  design,  which 
is  also  shown  in  Figure  41-3,  was  installed  prior  to  Run  41A.   Details 
of  this  design  are  shown  in  Figure  41-4.   The  main  feature  of  the  de- 
sign is  the  removal  of  acceptor  from  the  center  of  the  gasifier  boot. 
This  insures  that  all  material  which  enters  the  gasifier  boot  is  trans- 
ferred out.   During  Run  41A  the  new  distributor  appeared  to  work  well. 
Inspection  of  the  boot  after  the  run  revealed  very  little  deposit.   De- 
posits of  dead-burned  dolomite  formed  only  between  the  ring  and  the  wall 
and  in  a  dead  area  just  below  the  ring  (see  Figure  41-3)  . 

4.5    DEPOSITS 

The  regenerator  and  gasifier  vessels  were  both  inspected  after 
each  run.  The  condition  of  the  regenerator  was  essentially  the  same  for 
each  inspection.   Only  minor  amounts  of  agglomerated  dead-burned  dolo- 
mite were  found  in  the  dead  area  between  the  side  flow  gas  distributor 
ring  and  the  wall  of  the  reactor.  These  deposits  were  typical  and  did 
not  in  any  way  affect  the  operation  of  the  reactor. 
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After  Run  41A  the  gasifier  contained  a  small  amount  of  agglom- 
erated dead-burned  dolomite  around  and  below  the  new  boot  gas  distrib- 
utor. A  portion  of  the  deposit  from  below  the  distributor  became  de- 
tached during  the  run  and  blocked  the  entrance  to  the  recarbonated 
acceptor  standi eg.  To  prevent  such  occurrences  in  future  runs,  the  dead 
area  below  the  ring  was  filled  in  with  refractory  to  form  a  cone-shaped 
transition  leading  into  the  standleg. 

The  gasifier  boot  deposit  was  more  extensive  after  Run  41B. 
Again,  deposits  formed  between  the  distributor  ring  and  the  wall  all  the 
way  around  the  circumference  of  the  boot.   The  deposits  extended  for 
approximately  35  inches  up  above  the  bottom  head  flange.  The  maximum 
thickness  was  2  inches  with  the  deposits  tapering  to  the  wall  at  the 
top.  The  deposit  formed  a  steep  cone  which  funneled  acceptor  into  the 
center  of  the  distributor  ring  and  on  into  the  inlet  of  the  recarbonated 
acceptor  standleg.  This  deposit  strongly  adhered  to  the  wall  of  the 
reactor.  The  bottom  5  inches  of  the  deposit  was  agglomerated  dead- 
burned  dolomite.  The  upper  30  inches  was  a  mixture  of  dead-burned 
dolomite  and  active  acceptor.  The  surface  of  the  deposit  was  composed 
of  what  appeared  to  be  a  1/2-inch- thick  layer  of  agglomerated  fines. 
The  total  mass  of  this  deposit  was  approximately  the  same  as  that  for 
typical  deposits  which  formed  above  the  old  plenum  chamber  gas  distributor, 
However,  the  location  and  shape  of  the  new  deposits  presented  less 
disruption  to  the  acceptor  flow  and  gas  distribution  in  the  boot  than 
the  earlier  deposits.  The  cause  of  the  deposits  appears  to  be  the  dead 
area  between  the  ring  distributor  and  the  boot  wall.  Although  one-half 
of  the  distributor's  gas  jets  are  directed  toward  the  boot  wall  to  help 
fluidize  this  area,  solids  pack  into  the  gas  between  the  distributor  and 
the  wall.  Most  of  the  gas  flow  is  then  through  the  remaining  jets  which 
are  pointed  toward  the  center  of  the  boot.  The  packed-in  material  then 
acts  as  a  ledge  on  which  acceptor  collects  and  eventually  agglomerates. 
If  the  deposit  reached  an  equilibrium  thickness  during  Run  41B,  then  its 
presence  can  be  considered  innocuous. 

The  vessel  inspections  following  both  runs  revealed  massive 
deposits  of  agglomerated  acceptor  deposits  in  the  transition  section  of 
the  gasifier.  These  deposits  were  artifacts  of  the  attempts  to  recover 
the  acceptor  circulation  following  the  upsets  which  eventually  termi- 
nated the  runs.  When  acceptor  transfer  from  the  boot  ceased,  the  ac- 
ceptor which  was  contained  in  the  char  bed  continued  to  shower  and 
collected  in  the  transition  section.  Here  the  acceptor  defluidized  and 
eventually  agglomerated. 
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FUTURE  PLANS 


Before  commencing  Run  42,  the  regenerator  internal  diameter 
will  be  reduced  from  33  inches  to  24  inches.  This  will  be  accomplished 
by  laying  brick  on  top  of  the  existing  cast  refractory.  The  diameter 
reduction  will  allow  sufficient  gas  velocity  to  strip  the  char  ash  from 
the  calcined  acceptor  when  air  is  used  as  the  only  fluidizing  gas  to 
the  regenerator.  Run  42  will  demonstrate  the  use  of  air  for  acceptor 
lift  gas. 
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Figure  41-1.   DIFFERENTIAL  PRESSURE  TRANSMITTER  LOCATION 
FOR  PRESSURE  BALANCE  CALCULATION 
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SPECIAL   SPACER 


GAP   SIZED    TO   CLOSE    FROM 
THERMAL   EXPANSION  AT  I2000  F 


MULLFRAX     202 


VACUUM    CAST   FIBERFRAX 


CARBON    STEEL    SHELL 


TYPICAL     SECTION 
(ONE    FOOT   LONG) 


FIBERFRAX    GASKET 
STEEL     PLATE 


Figure  41-2.      LIFT  LINE  CONSTRUCTION 
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ACCEPTOR    FLOW  PATTERN 


NON     FLUIOIZEO    AREA 
FLANGE 


RECARBONATED 
ACCEPTOR     STANDLE6 


BOOT  GAS   INLET 


OUTLET    TO    F-213 
DUMP    HOPPER 


PLENUM    CHAMBER   GAS    DISTRIBUTOR 


ACCEPTOR    FLOW  RftTTERN 


RECARBONATED 
ACCEPTOR    STANDLEG 


BOOT   GAS     INLET 

Figure  41-3. 


DEAD  BURNED  DOLOMITE 
DEPOSITS  AFTER  RUN  4IA 


FLANGE 


OUTLET    TO    F-213 
DUMP    HOPPER 


NEW    RING    GAS    DISTRIBUTOR 

BOOT  DISTRIBUTORS 
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Date 

Time 

Solids 

Feedstock 

Feed  Rate,  Ib/hr'--'--' 

Recovered  Overhead  Solids,  Ib/hr 

Solids  to  Organic  Pond,  Ib/hr 

Gas  Flows ^  ^ 

Boot  (Recycle),  MSCFH 
Boot  (Steam),  MSCFH 
Boot  (CO2),  MSCFH 
Side  (Steam),  MSCFH 
Side  (Air),  MSCFH 
Purge  (Recycle),  MSCFH 
Purge  (Inert),  MSCFH 
Total  Inlet,  MSCFH 
Vent  Rate,  MSCFH 

Bed  Conditions 

Boot  Velocity,  ft/sec^^^ 
Bed  Velocity,  ft/sec^^^ 
Boot  Density,  Ib/cu  ft^^-' 
Bed  Density,  Ib/cu  ft^^-^ 
Bed  Height,  ft^"^^ 
Average  Boot  Temperature,  °F 
Average  Bed  Temperature,  °F 

Overhead  Gas  Compositions 


CO,  Mol 


oA^l 


CO 


(5) 


H 


'2' 
2' 


2,  Mol 
Mol  ^r.(^) 


CH, 


Mol  %^^^ 
Mol  %*^^^ 


2/15/76 

-"^    - 

-12/16/76- 

Si- 

1900 

0400 

1100 

2300 

Wyodak 

Husky 

Char 

Subbituminous 

1,575 

1,360 

1,960 

2,160 

- 

180 

220 

265 

25 

45 

75 

65 

17.2 

16.8 

15.9 

10.8 

18.8 

18.6 

19.2 

27.0 

0.0 

0.0 

1.1 

1.0 

29.8 

29.7 

29.7 

21.9 

19.5 

19.7 

19.1 

9.2 

2.0 

2.1 

2.2 

2.3 

2.1 

2.1 

2.6 

2.4 

89.4 

89.0 

89.8 

74.6 

47.0 

56.4 

72.2 

59.9 

1.9 

2.0 

2.0 

2.1 

0.9 

0.9 

0.9 

0.8 

101 

98 

96 

84 

38 

40 

36 

34 

26.4 

25.4 

25.0 

25.8 

1405 

1485 

1515 

1530 

1325 

1480 

1500 

1515 

8.3 

15.1 

15.3 

13.6 

19.9 

17.9 

15.6 

15.0 

42.8 

31.8 

27.3 

19.9 

26.4 

31.7 

34.2 

42.1 

2.6 

3.5 

7.6 

9.4 

CI) 

C2) 
C3) 
(4) 


Determined  by  feeder  RPM:   char,  Ib/hr  =  420  X  RPM; 
subbituminous  coal,  392  X  RPM. 
Determined  by  orifice  flow  meter  measurements. 
Based  on  inlet  gas  flow  rates. 


^:^ Determined  by  pressure  tap  measurements. 

'^Determined  by  gas  chromatographic  measurements. 


Table  41-1.   GASIFIER  DATA,  RUN  41A 
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Date 


Time 


Solids 

Acceptor  Feedstock 
Acceptor  Makeup,  Ib/hr*-  -' 
Auxiliary  Char  Fuel,  Ib/hr 


(1) 
(2) 


Acceptor  Circulation,  l^/^^^ 

Reject  Acceptor,  Ib/hr^  . 

Ash  and  Attrited  Acceptor,  Ib/hr*- 

Gas  Flows ^  ^ 

Acceptor  Lift  (Recycle),  MSCFH 
Char  Lift,  MSCFH 
Ring  (Air),  MSCFH 
Ring  (Recycle),  MSCFH 
Purge  (Recycle),  MSCFH 
Purge  (Nitrogen) ,  MSCFH 
Total  Inlet,  MSCFH 
Vent  Rate,  MSCFH 


Bed  Conditions 

Gas  Velocity  Inlet,  f 
Bed  Density,  II5/QU  ft 
Bed  Height,  ft^^-* 


\if^ 


Average  Bed  Temperature,   F 


Overhead  Gas  Co 
O2,  Dry  Mo 


Lompo 
1  %'^) 
CO,  Dry  Mol  %^V.. 
CO2,  Dry  Mol  %^^'' 
N2,  Dry  Mol  %''^'' 


ositions 


12/15/76 

-^ 

12/16/76- 

1900 

0300 

1100 

2300 

Dead- Burned 

Minnekahta 

Dolomite 

Limestone 

360 

360 

840 

840 

0 

55 

25 

40 

5,300 

7,000 

10,000 

11,000 

155 

150 

570 

550 

- 

140 

150 

160 

58.2 

54.8 

54.5 

54.3 

10.1 

10.1 

10.1 

10.2 

57.0 

59.1 

74.3 

84.5 

65.5 

57.8 

20.6 

5.1 

1.5 

1.4 

1.2 

1.9 

2.6 

1.9 

2.2 

1.6 

194.9 

175.1 

163.1 

157.6 

74.9 

76.0 

100.5 

118.6 

2.4 

3.2 

3.0 

2.8 

101 

99 

91 

83 

20.2 

20.1 

18.9 

19.4 

1095 

1840 

1840 

1815 

0.0 

0.0 

0.0 

0.0 

0.0 

2.6 

2.5 

3.4 

0.4 

15.7 

22.6 

21.2 

99.6 

81.5 

74.6 

75.6 

(^l^Determined  by  feeder  RPM:   dead-burned  dolomite,  360  X  RPM;  limestone, 
280  X  RPM;  auxiliary  fuel,  368  X  RPM, 


Determined  by  lift  line  pressure  drop  measurements 
Determined  by  weigh  scale  measurements 


(2) 

(3) 

•^^^ Determined  by  orifice  flow  meter  measurements 

^^-^ Determined  by  pressure  tap  readings. 

(6) 


Determined  by  gas  chromatograph  or  on-line  analyses  measurements 


Table  41-2.   REGENERATOR  DATA,  RUN  41 A 
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Date 


12/26/76 


12/21/16 


Screen  Size,  Wt  % 

Tyler 

Mesh 

+35 

) 

35  X 

48 

48  X 

65 

65  X 

100 

100  X 

200 

200  X 

325 

-325 

Ultimate 

Analysis,  Wt 

C 

H 

N 

S 

Ash  +  J 

^S 

Elemental  Analysis,  Wt 

Si02 

SO3 

Na20 

CaO 

MgO 

K2O 

AI2O3 

Fe203 

P2O5 

Ti02 

3.1 

3.6 

7.6 

3.0 

11.3 

3.6 

10.7 

4.2 

19.9 

18.5 

34.6 

55.2 

12.8 

11.9 

60.81 

67.43 

1.31 

1.03 

0.31 

0.32 

0.79 

0.75 

31.16 

24.51 

35.88 

33.50 

6.37 

7.28 

1.78 

2.06 

31.59 

33.04 

3.64 

3.11 

0.25 

0.43 

12.59 

14.09 

7.05 

5.84 

0.12 

0.18 

0.59 

0.69 

Table  41-18.   GASIFIER  QUENCH  TOWER  SOLIDS  COMPOSITES,  RUN  41B 
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SUMMARY 


Run  42  was  the  first  run  to  demonstrate  the  commercial  flow 
sheet  feature  of  using  air  as  the  acceptor  lift  gas  to  the  regenerator. 
To  eliminate  the  need  for  recycle  gas  for  regenerator  fluidization,  the 
reactor  inside  diameter  was  decreased  from  33  to  24  inches.  Velva 
lignite  was  used  for  both  the  feedstock  and  the  auxiliary  fuel.  The 
acceptor  was  Minnekahta  limestone. 

This  run  was  very  successful.  Two  steady-state  balance  periods, 
lasting  23  and  25  hours  respectively,  were  achieved  during  the  run.  The 
use  of  air  caused  no  detrimental  effects  in  the  lift  line,  nor  was  there 
any  evidence  of  regenerator  hot  spots.   Inspection  of  the  regenerator 
after  the  run  was  voluntarily  terminated  revealed  a  very  clean  interior. 
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2   TEST  DATA 

Run  42  data  are  presented  graphically  and/or  tabularly  at  the  end 
of  this  report.  These  figures  and  tables  include: 

Page 

Figure  42-1.  Differential  Pressure  Transmitter  Location 285 

for  Pressure  Balance  Calculations 

Figure  42-2.  Percent  Junk  in  Gasifier  Char  Bed  for  Run  42 .286 

Table  42-1.  Gasifier  Data  for  Run  42  (3  sheets) .287 

Table  42-2.  Regenerator  Data  for  Run  42  (3  sheets) 290 

Table  42-3.  Feedstock  Composites  for  Run  42 293 

Table  42-4.  Circulated,  Calcined  Acceptor  for  Run  42  (2  sheets) 294 

Table  42-5.  Circulated, Recarbonated  Acceptor  for  Run  42 296 

(3  sheets) 
Table  42-6.  Gasifier  Char  Bed  Material  for  Run  42  (4  sheets) 299 

Table  42-7.  Gasifier  Char  to  External  Cyclone  for  Run  42 303 

(2  sheets) 

Table  42-8.   Gasifier  Quench  Tower  Solids  for  Run  42 305 

Table  42-9.  Acceptor  Withdrawal  for  Run  42  (3  sheets) 306 

Table  42-10.  Ash  and  Attrited  Acceptor  for  Run  42 309 

Table  42-11.   Pressure  Balance  Data  for  Run  42  (2  sheets)  ....  310 

Table  42-12.   Balance  Period  Average  Preheats  for  Run  42 312 

Table  42-13.  Scale  from  Calcined  Acceptor  Transfer  Line 313 

for  Run  42 
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SIGNIFICANT  EVENTS  AND  OBSERVATIONS 


3.1    TABULAR  HISTORY 

3.1.1  Objectives 

(1)  Achieve  an  integrated  plant  operation  with  no  air  or  recycle 
gas  to  the  gasifier. 

(2)  Demonstrate  operation  of  the  regenerator  with  a  24-inch  inside 
diameter. 

(3)  Operate  the  regenerator  with  air  to  the  acceptor  lift  line  and 
no  recycle  to  the  regenerator. 

(4)  Obtain  a  steady- state  balance  period  with  regenerator  overhead 

CO  controlled  at  1  to  3  percent  and  terminate  the  run  voluntarily. 

3.1.2  Accomplishments 

(1)  Operated  the  plant  in  an  integrated  manner  for  116  hours  with  no 
air  or  recycle  to  the  gasifier. 

(2)  Demonstrated  the  operation  of  the  regenerator  with  a  24-inch 
diameter  for  174  hours  at  process  conditions. 

(3)  Demonstrated  the  operation  of  the  ceramic-lined  acceptor  lift 
line  with  100  percent  air  for  175  hours. 

(4)  Demonstrated  the  operation  of  the  regenerator  with  only  air 
as  the  fluidizing  gas  for  28  hours. 

(5)  Obtained  two  steady-state  balance  periods  lasting  23  and  25 
hours  respectively. 

3.1.3  Termination  Causes 

The  run  was  ended  voluntarily  after  all  objectives  had  been 
achieved. 

3.1.4  Mechanical  Problems 

(1)  Numerous  process  and  instrument  lines  were  frozen  due  to  ex- 
tremely cold  weather. 

(2)  The  low  side  pressure  tap  of  the  differential  pressure  recorder 
controller,  dPRC-2028,  on  the  char  lift  line  frequently  plugged. 
The  plugs  caused  false  differential  pressure  readings  which 


276 


upset  the  control  of  fuel  char  transfer  from  the  gasifier 
to  the  regenerator.   Consequently,  the  char  transfer  control 
valve  had  to  be  controlled  manually  during  part  of  the  run, 
until  an  alternate  pressure  tap  could  be  used  as  input  to  the 
controller. 

(3)  The  flow  to  the  gasifier  boot  was  suddenly  lost  while  one  of 
the  zinc  oxide  towers  was  being  depressured  prior  to  changing 
the  bed.  The  interface  was  lost  as  the  boot  drained.  The  inter- 
face was  reestablished  and  normal  operation  was  resumed. 

(4)  The  regenerator  vent  line  plugged  near  the  pressure  control  valve, 
dPCV-2030,  causing  severe  pressure  swings.  The  gasifier  inter- 
face was  lost  when  acceptor  lift  gas  backf lowed  through  the 
recarbonated  acceptor  standleg  into  the  gasifier.  The  vent  line 
was  cleared,  the  regenerator  bed  was  refluidized,  and  the  plant 
was  brought  back  to  normal  operation. 

(5)  The  acceptor  lift  gas  heater,  B-205,  was  inspected  after  the 
run.   Inspection  revealed  that  four  tubes  in  the  lower  section 
contained  six  circumferential  cracks.  The  coil  was  replaced. 

3.1.5  Process  Problems 

(1)  Lost  char  transfer  twice  for  no  apparent  reason. 

(2)  Several  times  during  the  run,  the  rate  of  acceptor  circulation 
from  the  regenerator  to  the  gasifier  gradually  decreased.  Extra 
purge  was  added  ahead  of  the  calcined  acceptor  flow  control 
valve  to  help  maintain  circulation.  Overhead  circulation  was 
lost  once  when  a  calcined  acceptor  sample  was  taken.  This  altered 
pressure  sufficiently  to  cause  loss  of  char  transfer  and  the  plugging 
of  the  regenerator  quench  tower  outlet.  When  the  plant  was  shut 
down,  the  calcined  acceptor  standleg  was  inspected.   Inspection 
revealed  scale  about  three-fourths  inch  thick  along  the  bottom 

of  the  line. 


3.2    CHRONOLOGY  OF  OPERATIONS 


Hours 

Date 

Time 
1500 

Run 

1/29 

II 

1610 

1/30 

2100 

1/31 

0600 

II 

0930 

II 

1130 

II 

1600 

2/1 

0315 

Description 

System  pressure  test. 

Depressured  system  to  repair  leaks. 

System  pressure  test. 

Depressured  system  to  repair  additional 

leaks. 

Repressured  system. 

Depressured  system  to  repair  a  recarbonated 

acceptor  sample  station  leak. 

Repressured  system. 

Fired  process  heaters  and  initiated  program 

for  regenerator  refractory  cure  (reduced 
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Hours 

Date 

Time 
0315 

Run 

2/1 

It 

1140 

2/2 

0100 

ti 

0800 

11 

2330   . 

2/3 

0600 

II 

1352 

M 

1625 

II 

1935 

11 

2000 

2/4 

0700 

II 

0820 

11 

1025 

M 

2205 

2/5 

0125 

11 

0415 

It 

1340 

II 

1455 

11 

1730 

0 

n 

2038 

3.13 

M 

2210 

4.67 

2/6 

0024 

II 

0445 

II 

1030 

17.00 

II 

2022 

26.87 

2/7 

0610 

36.67 

II 

0715 

Description 

inside  diameter) .   Used  interim  period  to 
check  instrumentation,  lines,  and  equipment. 
Regenerator  control  thermocouple  at  250  F, 
started  hold  period  No.  1  at  this  temperature, 
Gradually  increased  regenerator  control  tem- 
perature to  600  F. 

Regenerator  temperature  at  600  F,  began  hold 
period  No.  2. 

Ended  hold  period  No.  2,  gradually  brought 
system  to  operating  temperature. 
Checked  pressure  drops  in  process  heaters 
and  gas  distributors. 

Reactor  temperatures  lined  out,  added  dead- 
burned  dolomite  to  gasifier. 
Started  dead-burned  dolomite  to  regenerator 
via  F-206. 

Started  dolomite  circulation. 
Conducted  dolomite  circulation  tests. 
Completed  dolomite  circulation  tests, 
started  lift  line  flow  tests. 
Completed  lift  line  flow  tests,  conducted 
boot  flow  tests. 

Finished  boot  flow  tests,  added  steam  to 
gasifier  side. 

Started  char  feed  to  gasifier. 
Started  air  to  gasifier  side. 
Started  steam  to  gasifier  boot. 
Attempted  to  start  fuel  char  transfer  to 
regenerator. 

Char  transfer  established. 
Regenerator  at  1800  F. 
Started  Velva  lignite  to  gasifier. 
Charged  F-206  with  active  limestone. 
Started  CO  flow  (1,000  SCFH)  to  gasifier. 
Started  gasifier  stepwise  flow  changes. 
Admitted  synthesis  gas  to  the  methanation 
unit. 

All  air  flow  removed  from  gasifier. 
All  recycle  removed  from  gasifier  boot  flow. 
Temporary  problem  with  fuel  char  transfer  to 
regenerator.  Pressure  tap  to  the  fuel  char 
transfer  control  valve  plugged,  causing 
false  indication. 
1330  Calcined  acceptor  standleg  seemed  to  have 

minor  restriction.   Stroked  valve  TCV-2030, 
in  the  line,  and  circulation  appears  normal. 
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II 

1820 

II 

1850 

M 

1925 

2/8 

0130 

2/9 

0145 

It 

0910 

Hours 
Date    Time      Run  Description 

2/7     1630       47.00  Gasifier  boot  flow  dropped  suddenly,  slumping 

gasifier  bed.   Put  some  recycle  flow  back 
to  gasifier  boot.  Blew  char-acceptor  inter- 
face, withdrew  some  of  gasifier  solids 
to  F-213  and  reestablished  interface.   Over- 
head circulation,  lignite  feed  and  char  trans- 
fer were  stopped.   Upset  due  to  switching  of 
flow  through  gasifier  ZnO  unit. 
Restarted  overhead  circulation  and  char  transfer, 
49.33  Restarted  lignite  feed. 

Restarted  char  transfer. 
56.00  Remaining  recycle  gas  flow  removed  from 
gasifier  boot. 

Elliott  test  stand  put  in  service. 
Elliott  test  stand  taken  out  of  service  due 
to  plugging  of  gas  control  valve. 
1822       96.87  Upset  in  system  pressure  caused  by  plugging 
at  the  regenerator  pressure  control  valve. 
The  gasifier  interface  was  lost.  Lignite 
feed,  acceptor  circulation,  and  char  transfer 
were  stopped.  Steam  was  removed  from  gasi- 
fier boot.   Recovered  interface  and  restarted 
circulation. 
Restarted  lignite  feed. 
100.67  Admitted  some  air  to  gasifier  side  and  re- 
started steam  to  boot. 
102.67  Removed  remaining  air  from  gasifier  side. 

Char  transfer  to  regenerator  reestablished. 
Restarted  synthesis  gas  to  methanation  after 
upset. 
109.58  All  recycle  gas  removed  from  gasifier  boot 
flow. 

Temporary  loss  of  overhead  acceptor  circula- 
tion regained  by  increasing  purge  at 
TCV-2030  valve. 

Temporary  loss  of  overhead  circulation,  re- 
gained by  admitting  additional  purge  to  S-9. 
Temporary  loss  of  overhead  circulation  re- 
gained by  stroking  TCV-2030  valve  and  in- 
creased purge  at  the  valve. 
126.50  Lost  acceptor  circulation  for  20  minutes  when 
an  S-9  sample  was  pulled,  resulting  in  high 
regenerator  bed  level  which  caused  solids 
carryover  into  quench  system. 
2/11    0223  Lost  char  transfer  for  no  apparent  reason. 


II 
II 

2200 
2210 

2/10 

IT 
II 

0010 
0455 
0527 

II 

0705 

II 

0735 

II 

0910 

M 

1615 

2400 
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Hours 

Date 

Time 
0445 

Run 

2/11 

II 

2115 

II 

2145 

2/12 

1100 

161.50 

2/13 

0005 

174.58 

Description 

Regained  char  transfer. 

Lost  char  transfer  for  no  apparent  reason. 

Regained  char  transfer. 

Synthesis  gas  removed  from  methanation  unit 

in  preparation  for  planned  shutdown. 

Initiated  planned,  orderly  shutdown  of  plant 
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4   RESULTS  AND  DISCUSSION 

4 . 1  BACKGROUND 

Prior  to  this  run,  the  inside  diameter  of  the  regenerator  was 
reduced  from  33  to  24  inches.   During  the  shutdown,  the  plant  underwent 
its  annual  inspection. 

4.2  ACCOMPLISHMENTS 

4.2.1  Major  Operational  Achievements 

HOURS  OF  OPERATION 

No       100%    100% 

Acceptor  Process   Velva    Fresh       No     Recycle  Air  in  Air  in 

Circu-    Condi-  Lignite  Acceptor   Air  to      to      Lift  Regen 

lation    tions    Feed     Makeup   Gasifier  Gasifier  _Lin£_  H£t£l 


220       174     172       170 


146       116      175      28 


In  addition  to  the  above  accomplishments.  Run  42  provided  another 
success.   In  this  run,  two  balance  periods  of  23  and  25  hours  respectively 
obtained  during  which  the  pilot  plant  was  at  steady-state  conditions. 


were 

4.2.2  Plant  Data 


The  pertinent  plant  data  is  presented  in  Tables  42-1  through 
42-13   Operating  conditions  are  shown  in  Tables  42-1  and  42-2.  Feed- 
stock' composite  analyses  are  presented  in  Table  42-3.  Effluent  and  cir- 
culated process  stream  solids  analyses  are  shown  in  Tables  42-4  through 
42-10   Pressure  balance  data  and  calculated  pressure  balances  are  given 
in  Table  42-11.   Locations  and  elevations  of  the  pressure  points  are 
shown  in  Figure  42-1.  The  raw  pressure  balance  data  was  corrected  as 
described  in  the  Run  17  report  and  forced  to  converge  as  described  m  the 
Run  28  report.   Preheat  temperatures  of  the  feed  streams  are  given  m 
Table  42-12  for  the  two  balance  periods.   Table  42-13  presents  the  com- 
position of  the  scale  found  in  the  calcined  acceptor  transfer  line. 

4.2.3  Intermediate  Fines 

As  usually  is  the  case  with  Velva  lignite,  there  were  no  prob- 
lems due  to  the  accumulation  of  intermediate  fines  in  the  gasifier  char 
bed  This  is  because  Velva  lignite  contains  relatively  little  inter- 
stitial sand  or  clays.  Figure  42-2  shows  that  throughout  the  run  the 
amount  of  intermediate  fines  in  the  gasifier  char  bed  normally  ranged 
between  6  and  10  percent. 
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4 . 3    PROBLEMS 

4.3.1  Deposits 

(1)  Gasifier.   A  hard  wall  deposit  of  dead -burned  dolomite  was  found 
in  the  boot  above  the  distributor.   The  deposit,  which  extended 
18  inches  above  the  distributor,  caused  no  problems.  A  larger 
deposit  of  acceptor  was  found  in  the  gasifier  transition  section. 
Apparently,  this  deposit  formed  during  the  recovery  period  fol- 
lowing the  upset  which  was  caused  by  the  plugging  of  the  regen- 
erator back  pressure  control  valve.   A  small,  hard,  chunk-like 
deposit  of  acceptor  was  also  found  on  top  of  the  boot  distributor. 
This  chunk  probably  fell  from  the  transition  deposit  during  the 
shutdown. 

(2)  Calcined  Acceptor  Transfer  Line.   After  the  run  ended,  the  cal- 
cined acceptor  transfer  line  was  opened  and  inspected.   The  spool 
piece  above  the  control  valve  was  found  to  be  full  of  chunks  of 
scale  that  had  fallen  from  the  inside  of  the  line.   The  problems 
with  acceptor  circulation  through  this  line  that  were  encountered 
throughout  the  latter  part  of  the  run  were  probably  caused  by  only 
a  few  chunks  of  scale.   Most  of  the  scale  later  came  loose  due  to 
thermal  stress  as  the  line  cooled  during  the  shutdown. 

The  scale  was  tan  in  color,  layered,  hard,  and  composed  mainly  of 
calcium  oxide  (see  Table  42-13) .   Similar  deposits  were  found  after 
Runs  28B  and  33B  which  also  used  Velva  lignite  and  Minnekahta  lime- 
stone.  Based  upon  past  laboratory  experiments,  recarbonation  of 
acceptor  fines  in  the  calcined  acceptor  standleg  is  the  most 
probable  cause  of  the  line  scale.   Presently,  nitrogen  is  used 
in  the  line  for  balance  gas  and  for  differential  pressure  tap 
purges.   The  nitrogen  flow  may  not  be  sufficient  to  adequately 
purge  all  the  CO  which  accompanies  the  acceptor  from  the  regen- 
erator into  the  line.  Alternate  methods  of  purging  CO  from  the 
entering  acceptor  are  now  being  considered. 

4.3.2  Heater  Deterioration 

All  of  the  process  heaters  were  inspected  after  the  run.   All 
were  in  good  condition  except  B-205,  the  acceptor  lift  gas  heater. 
Visual  inspection  of  the  tubes  in  this  heater  revealed  that  four  tubes 
in  the  lower  section  contained  six  cracked  sections.   Two  sections  of 
the  cracked  areas  were  removed  and  sent  to  the  Maintenance  Engineering 
Department  of  Continental  Oil  Company  in  Ponca  City,  Oklahoma,  for 
examination. 

A  preliminary  examination  of  the  Incoloy  800  tubes  indicated 
that  polythionic  acid  cracking  is  the  most  likely  cause  of  the  failure. 
The  new  coil  should  not  continue  to  deteriorate  as  rapidly  in  the 
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future   Air  containing  no  sulfur  will  be  the  primary  process  gas  heated 
instead  of  regenerator  recycle  gas.   In  addition,  special  precautions 
will  be  taken  during  startups  and  shutdowns  to  avoid  condensation  in  the 
heater  tubes. 

4.4    METHANATION 

Purified  synthesis  gases  were  passed  through  the  methanation  re- 
actors for  a  total  of  61  hours  during  the  run.  On  three  occasions  the 
methanation  reactors  had  to  be  totally  shut  down  due  to  upsets  which 
occurred  in  the  main  gasification  section.   The  first  shutdown  occurred 
on  February  7,  1977,  when  the  gasifier  char-acceptor  interface  was  lost. 
The  second  shutdown  occurred  on  February  9,  1977,  when  the  regenerator 
back  pressure  control  valve  plugged,  and  the  third  shutdown  occurred 
when  the  calcined  acceptor  transfer  and  regenerator  fuel  char  transfer 
were  lost  on  February  11,  1977.  Due  to  the  unsteady-state  nature  ot 
operation,  meaningful  heat  and  material  balance  data  was  not  obtained 
for  the  packed  tube  reactor. 
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FUTURE  PLANS 


The  next  run  will  use  the  same  coal  and  acceptor  feedstocks. 
The  main  goals  will  be  to  determine  whether  the  regenerator  can  be 
operated  at  neutral  and/or  oxidizing  conditions.   Efforts  will  also 
be  made  to  accurately  characterize  the  sulfur  species  in  the  regen- 
erator overhead  at  reducing,  neutral,  and  oxidizing  conditions. 
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Figure  42-1.  DIFFERENTIAL  PRESSURE  TRANSMITTER  LOCATION 
FOR  PRESSURE  BALANCE  CALCULATIONS 
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Date 
Time 

dPR-* 

2030 

2089 

2088 

2087 

2094 

2093 

2001 

2002 

2083 

2019 

2037 

2021 

2022 

2073 

2074 

2075 

2076 

2077 

2024 

2025 

2026 

2102 

2020 

2036 

2028** 

2029 

2080*** 


-^ 2/6/77  ^ 

0300    1100    2225 


-^ 2/7/77 s-    -^— 

0300    1110    2000    0300 


Chart 

-10/10 
0/100 
0/100 
0/100 
0/100 
0/100 
0/100 
0/100 
0/100 
0/100 

-10/10 
0/100 
0/100 
0/100 
0/100 
0/100 
0/100 
0/100 
0/100 
0/100 

-10/+10 
0/100 
0/100 

-10/+10 
0/100 
0/100 
-2/2 


Zero   Range 
PSI  In.  W.C. 


3.0 
3.0 
3.0 
4.2 
9.0 
4.2 
4.8 
3.0 
3.0 
3.0 
3.0 
3.0 
4.2 
4.2 
9.0 
4.2 
4.2 
9.0 
4.8 
4.2 
9.0 


554.0 

25.0 

168.7 


43 

53 
115 
126 

57 

57 
300.0 
100.0 

50.0 

50.0 
150.0 
180.0 
180.0 
144.0 
144.0 

93.6 
300.0 

40. n 

100.0 

300.0 

100.0 

50.0 

50.0 

40.0 


5.6 
15 
32 
70 
82 

37.5 
20 
39 
61 
45 

-1.7 
80 
35 
48 
85 
78 
42 
23 
68 
35 

-0.7 
45 
75 

-3.5 
63 

93 


6.1 
30 
29 
63 

60.5 
33.5 
18 

39.5 
59.5 
45 

-1.9 
84 
34 

47.5 
78 
72 
39 
17 
60 
43 
-0.7 
33 
70 

-7.0 
55 

89 


0 


5.5 
36 
31 
66 
65 
35 

18.5 
35.5 
57 
40 
-2 
96 
37 
46 
73 
69 
40 
19 
54 
39 

-i.2 
42 
68 

-5.5 
68 

89 


Instrument  Readings 


5. 
51 
31 
64 
64 
34 
19 
36 
56 
33 
-2. 
96 
36 
45 
69 
69 
38 
18 
54 
40 
-1. 
37 
58 
-5. 
65 

94 


5. 
40 
30 
64 
64 
34 
19 
36 
53 
32 
-3. 
93 
35 
43 
70 
66 
38 
16 
60 
42 
-1. 
32 
61 
-2. 
68 

95 


5.5 
13 
22 
52 
51 
27 
16 
35 
52 
25 

-3.3 
78 
35 
40 
64 
66 
25 
15 
57 
42 
-2.4 
36 
63 

-4.0 
59 

98 


5.5 
40 
27 
56 
56 
29 
18 
36 
51 
30 

-2.2 
88 
39 
40 
62 
62 
38 
18 
55 
41 

-2.6 
37 
51 

-2.0 
61 

95 


2/8/77- 
1110 


5. 
45 
26 
53 
54 
29 
16 
36 
49 
28 
-1. 
85 
40 
40 
58 
65 
40 
19 
52 
40 
-1. 
33 
47 
-1. 
58 


1930 


7.S 
20 
25 
55 
55 
29 
18 
35 

48.5 
24 

-7.1 
97 
46 
40 
65 
64 
37 
21 
68 
59 

-5.6 
28 
31 

-1.0 
22 


92 


99 


Location* 

1 

2 

3 

4 

5 

6 

7 

8 

9 
10 
11 
12 
13 
14 
15 


Pressure,  In.  W.C.***' 


0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

57.1 

56.0 

60.2 

65.5 

58.8 

41.1 

55.0 

56.4 

47.0 

180.6 

153.2 

165.9 

166.4 

164.1 

127.0 

144.7 

143.6 

137.4 

267.5 

231.1 

243.1 

242.5 

241.7 

200.7 

218.4 

213.6 

210.5 

379.3 

335.1 

334.8 

311.7 

310.8 

249.1 

280.2 

269.4 

255.1 

370.4 

325.9 

324.8 

301.9 

294.4 

231.9 

269.1 

260.3 

218.6 

315.7 

265.6 

259.1 

235.4 

230.8 

178.6 

206.8 

199.0 

149.8 

245.4 

190.7 

189.1 

165.5 

166.8 

120.0 

146.0 

138.2 

90.2 

■126.6 

-145.5 

-129.2 

-135.5 

-141.8 

-144.0 

-134.4 

-134.2 

-195.8 

■162.5 

-171.9 

-158.1 

-162.3 

-166.6 

-166.2 

-161.6 

-161.9 

-227.1 

1.3 

1.4 

2.4 

2.2 

2.4 

5.0 

5.2 

3.9 

11.3 

90,6 

80.7 

92.7 

93.5 

80.8 

66.5 

82.4 

79.8 

65.0 

281.7 

270.8 

268.5 

242.4 

232.1 

192.2 

205.9 

192.4 

128.6 

198.5 

234.7 

241.1 

217.0 

222.4 

173.0 

197.0 

186.4 

123.7 

263.0 

205.6 

204.5 

182.5 

185.0 

139.8 

163.8 

154.8 

110.1 

*Refer  to  Figure  1. 
**Sensing  line  moved  on  dPT-2028  on  2/9/77 
balance. 

***Range  changed  on  dPT-2080  from  40  to  60  inches  water  on  2/9/77 
****Static  pressure  at  Location  1  is  150  psig. 

Pressures  given  are  differential  pressures  from  Location  1. 


Both  dPT-2028  and  dPT-2029  now  required  for  pressure 
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Date 

2/10/77 

2/11/77 

'^ 

2/12 

^77  

Time 

Zero 

Range 

0830 

1420 

1600 

1915 

0320 

1300 

1930 

2330 

dPR-* 

Chart 

PSI 

In.  W.C. 

I 

nstrument 

Readin 

11 

2030 

-10/10 

9.0 

554.0 

5.8 

4.5 

5.4 

4.5 

4.0 

3.9 

3.8 

3.9 

2089 

0/100 

4.2 

25.0 

7 

31 

64 

67 

74 

74 

60 

63 

2088 

0/100 

3.0 

168.7 

24.5 

30 

29 

29 

26 

28 

28.5 

28 

2087 

0/100 

3.0 

43.7 

58 

65.5 

58 

60 

57 

58.5 

60 

59 

2094 

0/100 

3.0 

53.9 

62 

67 

61 

62 

60 

61 

61 

62 

2093 

0/100 

3.0 

115.4 

30 

33.5 

30 

31 

29 

30 

30.5 

31 

2001 

0/100 

3.0 

126.2 

19 

20 

18 

18 

17 

18 

18 

18 

2002 

0/100 

3.0 

57.1 

57.1 

32.5 

32.5 

32.5 

32.5 

42.5 

33 

33 

2083 

0/100 

3.0 

57.7 

47.5 

47 

45 

45 

45 

45 

45 

45 

2019 

0/100 

4.2 

300.0 

33 

33 

21 

26 

35 

35 

31 

33 

-2.1 

91 

2037 

-10/10 

9.0 

100.0 

-3.5 

-2.4 

-2.5 

-2.0 

-2.0 

-2.0 

-2.1 

2021 

0/100 

4.2 

50.0 

91 

90 

94 

94 

92 

93 

92 

2022 

0/100 

4.8 

50.0 

41 

39 

40 

40 

40 

37 

38 

40 

2073 

0/100 

3.0 

150.0 

38 

37.5 

36 

36 

35 

35.5 

36 

36 

2074 

0/100 

3.0 

180.0 

60 

62 

57 

58 

59 

59 

59 

58 
62 

2075 

0/100 

3.0 

180.0 

63 

65 

62 

60 

60 

60 

61 

2076 

0/100 

3.0 

144.0 

35 

35 

33 

32 

34 

32 

35 

34 
18 

2077 

0/100 

3.0 

144.0 

22 

25 

21 

19 

20 

18 

17 

2024 

0/100 

4.2 

93.6 

55.5 

65 

67 

63 

45 

43 

44 

45 

2025 

0/100 

4.2 

300.0 

47.5 

32 

47 

37.5 

37.5 

37.5 

37 

37.5 

2026 

-10/+10 

9.0 

40.0 

-6.6 

-7.2 

-22.5 

-17.4 

-16.6 

-15.6 

-16.0 

-16.6 

2102 

0/100 

4.2 

100.0 

38.5 

45 

41.5 

42.5 

41 

41.5 

43 

43 
52 
-2.0 

2020 

0/100 

4.2 

300.0 

43 

63 

50 

43 

55 

50 

51 

2036 

-10/+10 

9.0 

100.0 

-1.6 

-3.5 

-2.0 

-2.5 

-2.4 

-1.8 

-2.0 

2028** 

0/100 

4.8 

50.0 

48 

45 

47 

46 

43 

47 

44 

45 

2029 

0/100 

4.2 

50.0 

40 

35 

45 

46 

40 

45 

44 

45 

75 

2080*** 

-2/2 

9.0 

60.0 

100 

88 

97 

77 

80 

78 

74 

Location* 
1 

0.0 

0.0 

Pres 

sure,  In. 

W.C.**** 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

2 

44.2 

57.7 

62.0 

66.5 

61.8 

65.6 

64.5 

63.4 

3 

130.8 

163.1 

157.7 

159.1 

152.5 

154.6 

158.9 

157.7 

4 

195.6 

235.2 

226.8 

224.2 

218.3 

224.1 

226.4 

224.5 

5 

260.2 

306.3 

261.8 

271.6 

293.9 

296.4 

290.2 

293.7 

6 

244.1 

294.2 

249.1 

262.0 

284.0 

286.9 

279.8 

283.4 

7 

173.7 

231.1 

184.3 

193.2 

218.1 

219.1 

215.0 

217.5 

8 

110.7 

174.2 

130.2 

135.8 

163.8 

161.7 

159.3 

161.3 

9 

-152.4 

-107.5 

-143.5 

-119.3 

-100.4 

-98.8 

-100.6 

-101.5 

10 

-184.0 

-144.8 

-176.2 

-147.3 

-130.3 

-125.8 

-125.5 

-128.3 

11 

13.7 

14.4 

19.3 

20.5 

20.1 

20.2 

20.7 

20.3 

12 

75.5 

92.8 

93.3 

100.8 

93.6 

99.3 

98.3 

97.5 

13 

184.8 

252.2 

212.9 

205.9 

232.1 

228.1 

224.5 

227.8 

14 

176.2 

2  34.9 

203.1 

192.9 

220.0 

218.6 

214.4 

217.6 

15 

138.1 

197.0 

158.7 

151.1 

181.4 

1774. 

173.3 

175.8 

♦Refer  to   Figure   1.  ■       y   r 

**Sensing   line  moved  on  dPT-2028   on   2/9/77.      Both  dPT-2028  and  dPT-2029  now  required  for  pressure 

balance. 
***Range  changed  dPT-2080   from  40  to  60  inches  water  on   2/9/77. 
****Static  pressure  at   Location   1   is   150  psig. 

Pressures  given  are  differential  pressures  from  Location  1. 
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